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PREFACE, 



I HAVE endeavored in the following pages to 
give a simple account of the mode in which the 
student should approach the physical diagnosis of 
eye-disease by means of the ophthalmoscope. 

The existing accounts of the instrument are 
either adapted to the wants of the advanced 
student, or are imbedded in complete ophthalmic 
treatises, which, in the present state of science, 
are far from portable. I have therefore thrown 
together those elementary facts which are neces- 
sary to be known in a sufficiently compact form 
to serve as a constant companion (or veritable 
vade mecum) to the student in the days of his 
early difficulties. 

The arrangement has been dictated by what 
appear from personal experience to be the wants 
of the average student. He is generally anxious 
to learn, but distracted by a multitude of facts 
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IV PREFACE. 

and theories, for the most part dimly and phan- 
tasmagorically seen. Harassed by the desire of 
acquiring a full complement of practical know- 
ledge in the brief periods between the dreaded 
crises of his examinations, he (not unnaturally) 
loves short cuts, and is especially addicted to 
studying full-blown examples of disease rather 
than acquiring the art of observing the separate 
facts upon which the power of accurate diagnosis 
is dependent. For one who will patiently study 
the healthy structures of the eye, twenty will be 
found eager to flash the light unsteadily in front 
of a case of glaucoma, or other disease with a 
definite name, which may seem likely to be 
required of them. 

I have endeavored to reverse the process, and 
to inculcate a sounder, and, in the end, a shorter 
method of work. My scheme is therefore strictly 
limited to counselling the student how to acquire 
the art of seeing and the power of recognizing 
and localizing the commonest deviation from the 
normal standard in the individual structures. 
Furnished with this information, the student 
will proceed to the study of the separate diseases 
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with the aid of one of the excellent systematic 
works at present available. To any of these my 
little book may be considered as bearing the same 
relationship that a dissecting-room manual does 
to the treatise on anatomy. 

I may appear to have treated the subject in 
too elementary a manner, but I have deliberately 
done so, as experience in viva voce teaching has 
shown me that a considerable proportion of 
students who commence the study of ophthalmo- 
scopy are not prepared to receive more than the 
most rudimentary information. To this, if sound, 
details can always be added. 

The same reason has determined the rough 
nature of the illustrations, which maybe regarded 
as reproductions of extempore diagrams. A pic- 
torial representation, however perfect, only con- 
veys information in the same manner as the 
natural object it represents,- and a learner has 
equal difficulty in seizing the essential points of 
either; but a diagram of a few hasty lines, by 
emphasizing one dominant fact, and suppressing 
the less material, will often convey an idea more 
clearly than the most elaborate work of art. 
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THE OPHTHALMOSCOPE. 



The student who desires to use the ophthalmo- 
scope to good purpose must acquire (1) some know- 
ledge of the optical principles upon which it is 
constructed, (2) the knack of using the instrument, 
and (3) the power of interpreting what is seen. 

The first two steps may be easily and rapidly 
acquired by a moderate amount of attention; the 
third can only be mastered by reiterated personal 
observations and comparison of numerous facts, in 
the same manner as any other method of physical 
diagnosis. 



SECTION I. 

Optical Principles. 

The laws of light necessary to be understood 
are a few of those concerned in reflection, refrac- 
tion, and the formation of images. The student 
is strongly advised to carry out the simple experi- 
2 



14 OPTICAL PRINCIPLES. 

ments mentioned in the text, as the best mode of 
comprehending the facts, and impressing them on 
the memory. 

Every object we can see owes its visibility to 
rays of light proceeding from it to the retina. 

The bodies which emit rays of light, as the sun, 
a candle-flame, etc., are termed luminous; those 
which only reflect rays, as the moon, a clock-face, 
a mirror, etc., are illuminated. 

A single ray of light cannot be obtained, but a 
number together, termed a beam or pencil, may be 
easily demonstrated. Completely darken a room 
facing the sun, bore a small hole in the shutter, 
and a vivid, perfectly straight strip of light will 
be seen traversing the darkness, if the air of the 
room contain particles of solid matter, like dust 
or tobacco-smoke. The path pursued by the rays, 
whether from luminous or illuminated bodies, is 
a straight line, never a curve. 

Luminous bodies are supposed to be composed 
of an infinite number of luminous points, giving 
off rays in all directions. From any one point in 
a luminous surface, the individual rays are sepa- 
rated in proportion to the distance from their 
origin. In other words, all rays of light in Na- 
ture are divergent. 

Hence the divergence of rays received on a 
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given eiiurace ia in proportion to the distance of 
that surface from the point whence tlie rays come. 

FlL' 1, 

In Fig. 1, let the perpendiculars P^ Ej- repre- 
sent two surfaces nf equal dimensiona (quarter of 
an inch). Simple inspection shows that the diver- 
gence of the rays proceeding from a luminous point 
L to the surface Fp ia greater than the divergence 
of the rays which are received on the surface Ri: 
If the student will enlarge the diagram by making 
the tliatance between L and Rr equal to twenty- 
four inches, keeping the other dimensions exactly 
the aanie, he will find the divergence of the lines 
Lr XE ao slight, that on isolating any small por- 
tion they will almost apjrear parallel. 

Hence it will be easily understood that any two 
rays of light from a luminous point in the sun, 
distant more than ninety-four millions of miles, 
and entering the pujiillary aperture — less than a 
quarter of an inch in diameter — must form with 
one another an inappreciable angle, and such raya 
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are therefore always assumed to be, and treated 
in ordinary calculations as, parallel. 

In physiological optics all rays proceeding from 
a distant source are said to be parallel, and those 
from a near to be divergent. 

A ray of light moving through a homogeneous 
medium, such as the ether of space, continues in 
a straight line for ever. But if it meet with 
another body, it may either be absorbed or made 
to change its course at an angle. If the opposi- 
tion be so great that it cannot pass through the 
interposing object, it is reflected ; if the substance 
be traversable, it is refracted. 

Reflection varies in degree, according to the 
quality of the surface upon which the light falls ; 
rough, dark-colored surfaces reflect light very im- 
perfectly; light-colored or polished surfaces reflect 
very perfectly. 

Let the student in his darkened room hold a 
piece of dark cloth at an angle of 45° to the beam 
of light admitted by the minute hole in-the shut- 
ter ; it will disappear at the cloth. But let him 
place a looking-glass in the same position, and 
the beam will be seen to pass onwards at right 
angles to its original course. 

If now a ruler be placed perpendicular to the 
surface of the mirror at the point where the beam 
impinges, it will divide the angle made by the 



OPTICAL PHINCIPLBS. 



benm into two equal parts. In Fig. 2, SAO 
represents the angle made by the incident and 
reflected rays, and the iinijles SAR RAG must be 
each equal to half a right angle. 




If the mirror is more inclined, the angles (with 
the ruler still placed perpeDdiculftrly to the sur- 
face) will be larger; if the iuclinatlon is dimin- 
ished, the angles will he smaller, but tlic angle on 
one side of the ruler is always equal to the angle 
on the other, or, stated as a law: The angle of 
reflection is ef^ual to the angle of incidence. It 
will also he observed that the incident and re- 
flected beams are in the same plane, which is at 
right angles to the plane of the inirror. 
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Rejlection from Cui'ved Surfaces. 

A curved surface may be regarded as a uumberl 
of infinitely small planes inclined to one another. \ 
Each plane would reflect a ray of ligbt according I 
to the law above stated. The mode in which i 
coueave surface refiecta can be easily understood J 
by enlarging a few of its planes, as shown by the 
dotted lines in Fig. 3. 




Consideration of tlie angle of incidence for eacli 
shows that parallel rays falling upon three planee 
inclined to one another, as «, 6. c, would be raJ 
fleeted to a point situated as at^, and what im 
true of the three is approximately true of thd 
infinity of surfaces contained in the cui-ved sur-^ 
face at D. 



' Pracrically, the mirror would liuve to hn of It 
ia order lo bring roya to an approximate Tociib. 
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DPTICAIi PBINCIPLB8. ^^^^ 

Parallel rayB falling upon a concave mirror are 
reflected to a point, situated upon the axis. 

If the concavity ia the segment of a sphere, 
rays issuing from a luminous point situated at 
its centre would be reflected back upon thera- 
selvea, as the radii are obvioualy perpendicular to 
all parts of the surface. But if the impinging 
rays are parallel, they would be reflected to a 
lioint situated at about half the length of the 
radius from the mirror surface (by construction of 
Fig. 3), and vice versa divergent raya from a point 
at/would he reflected na parallel. 

This point is termed the principal focus of the 
mirror. But if the incident rays are already 

Fig. 4. 

divergent, they would bo reflected ,to a point 
>eyoud the principal focus, and it ia obvious the 
closer a luminous point L approaches the mirror 


1 

1 
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(with consequent increasing divergence of rays), 
the further F will recede. And if the luminous 
point were to be situated at F, the rays would be 
reflected to L. These two points are called con- 
jugate fociy and have a constant relationship, so 
that (with the principal focal length known) 
when the distance of one is given the other can 
be found by a mathematical formula. Their rela- 
tive positions may be easily remembered. 

(a) If the luminous point is at the centre, the 
conjugate focus is also at the centre. 

(/3) If between principal focus and centre, the 
conjugate is beyond the centre. 

(y) If beyond the centre, the conjugate is be- 
tween the principal focus and centre. 

With convex mirrors all the above facts are 
reversed, but require attention as introducing a 
new and important principle. Hitherto we have 
followed the rays, and seen them converge to a 
real or positive focus. In the case of a convex, 
spherical surface, parallel rays are rendered diver- 
gent, and therefore no positive or real focus is 
formed. But if the divergent rays are produced 
by imaginary lines on the far side of the mirror, 
they will be found to meet in a point correspond- 
ing to the principal focus of a concave mirror of 
the same curvature. 

As the focus is imaginary, and on the opposite 



side of tbe mirror fri 
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the ; 



termed negative, and as tlie divergent rays have 
the same optical properties as if they came from 
the negative point F (and not as they really do 
from the incident parallels), the focus is termed 




The terms positive and negative, real and 
virtual, principal and conjugate, are of frequent 
occurrence, and must be thoroughly understood. 

Mefraction. — When a ray of light passes 
obliquely from one medium to another, aa from 
the ether of space into air, or from air into water 
or glass, it is bent so that its eourae in the 
second medium is at an angle with its course in 
the first. 

If the r.iy falls perpendicular to the surface 
separating the two media, it continues its original 
course. 
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Stauil four microscopic elides perpendicularly ] 
oil tlio page of a Look aa it lies flat on the table. J 
Now read through them. The lines appear shifted ' 
to a lower level as they iiass behind the glass. 
Thu><:— 

which; resent days 



Have eyes toi 



V bcliold thcso p 
wonder but lack ton 



ffiea topmiae. ' 



Inepection of Fig. 6 ehowB a ray passing i 
obliquely fram the book to the surface of the 1 




glass, whore it is bent in the ilircction ad. 
On emerging from the Burfnce at A, it is again 
refracted in a direction parallel to its original 
course. If tho ray is produced as shown by the 
dotted line, it will seem to come from a j>ositioti 
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nearer to the glass than its real starting-point, 
and will have the optical value of coming from 
that position; so that any given word seen 
through the glass would be virtually lower than 
the rest of the line. 

The ray passing from the air to glass is shown 
as bent towards the perpendicular PP, and this is 
the general rule when light passes from a rarer 
to a denser medium.^ The ray passing from glass 
to air is shown bent from the perpendicular, and 
this is the general rule with the passage from a 
denser to a rarer medium. 

In all ordinary cases of refraction, the incident 
and refracted rays are in the same plane. It is 
easy to see that if the glass be inclined so that 
the ray coincides with the perpendicular, no re- 
fraction is possible, as it cannot be bent towards 
a line with which it is already identical, and on 
reading, no distortion of the lines will be appa- 
rent. 

The amount of refraction varies with the 
medium and the obliquity of the rays, but is 
constant for the same medium at the same 
obliquity. That is to say, a ray falling on a 
sheet of plate-glass at an angle of 45° would be 

' There are some few exceptions to this rule— «. ^., oil of 
turpentine is less dense, but more refractive than water. 
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less refracted than a ray falling on the surface! 
of a diamond at the same angle. A ray falling c 
glass at 60° would be less refracted than the oi 
at 45°. A ray falling on diamond at 60° wouldi 
be less refracted than the one at 45°, but rrn 
than the ray at 60° on glass. And so on; 1 
same proportion being always maintained till 1 
ray falls perpendicularly to the surface, where it 
undergoes no refraction either by glass or diamond. 
The angle is measured by a method involving ad 
slight acq^uaintance with mathematics for its com-] 
prehension. 

If the surfaces of a refracting substance are i 
dined to one another, as in a prism, it is obviooi 
a ray can never be perpendicular to more tbai],V 
one surface at a time. A ray can therefore never| 
fall u[jo» a prism without being refracted. 

Fig. 7. 




Fig. 7 shows a ray from p falling perpendi- 
cularly to the tirst eurlace of the prism, and id 
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therefore undergoes no refraction; and, if the 
Becoiid surface were parallel to the firat, the two 
perpendiculars would coincide, and the ray undergo 
no deviation. But on emerging from the second 
surface, it comes into relation with the second 
perpendicular p', from which it is refracted 
accoi-ding to the law of passage from a denser to 
a rarer medium. A ray from 'p would therefore 
not proceed to g, but to D, and would virtually 
come from a point situated as at d. 

Raya of a moderate degree of obliquity are 
refracted towards the base of a prism, and this 
fact will enable us to understand the laws of 
refraction by curved surfaces, on which the main 
properties of the eye as an optical instrument de- 
pond. 




If two prisms are placed base to base, any two 
parallel rays pp' falling upon corresponding points 
ill tbe surfaces, being equally refracted toward 
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the base, would meet and cross at some point 
situated as / on the far side. This point may be 
termed the focus for the two rays; and as the 
reverse of every optical fact holds good, any two 
divergent rays proceeding from a luminous point 
at / would, in passing through the prisms, be 
rendered parallel as pp\ 

If the surfaces of the prisms, instead of being 
plane, were curved equally from the centre to the 
edge, they would form an optical contrivance 
called a lens. When thickest in the centre with 
two curved surfaces, a lens is biconvex. 

As a curve can be resolved into a number of 
small planes, it follows that a biconvex lens may 
be regarded as a number of truncated prisms 
arranged with their bases towards the centre. 
Prisms so arranged would refract parallel rays 
towards their bases ; hence, parallel rays falling 
on one surface would be rendered convergent, 
and tend to meet in a point at some distance 
from the second surface. When the surfaces of 
a lens are segments of a sphere, it is called a 
spherical lens. 

Fig. 9, O are the centres of curvature. 

A straight line AA drawn through the centre of 
the lens, and perpendicular to both surfaces, is 
the principal axis. 



' 


OPTICAL PRINCrPLBS. 27 

Oblique liiiea sa, sa, paaaing through the aanie 
loiiit, are the secomkinj ui^rs. 

Fig, 9. 


1 

1 

i 


Raya of light coinciding with principal or 
aecoiidary axes undergo no refraction — -all other 
rays are refracted. Parallel rays are rendered 
convergent hy a hieouvex Ions, and meet in a 
joint at a fixed distance from the second surfuce. 

Parallel rays are brought to a focus in a point 
on the axis to which they are parallel, if with 
the principal on that axis as at C, if with a secon- 
dary on that axis as at/. 

The focus for parallel rays is termed tlie princi- 



1 

i 
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■pal focus, and its distance from the optical centre 
of the lens its principal foi-.al distance. 

Lenses are spoken of, according to the focal 
lengths, as one, two, or three-inch lenses. 

The divergent rays from a luniinoua point at 
the principal, foeuH are rendered parallel; huti 
rays from a more distant point are less divergent, 
and the refractive power of the lens is more thau 
sufficient to render them parallel. 

Tliey are, therefore, rendered convergent in a 
point situated a certain distance on the other 

|- Fig. 10. 1 

side of the lens. The closer the himinoiis point 
L approaches F, the further / will recede; and 
vice versa. 

Aa the relationship of these is constant and 
interchangeable, they are termed conjugate ; both 
are positive and real. 

The rays from a luminous point closer than the 


\ 
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parallel by l^he refractive power of the lens, mid 
eonsequeutly emerge from the other side diver- 
gent, though in a, lesa degree than before passing 
through lens. 

Fig. 11 shows rays diverging from aluniiiioiis 
point L, eituated on the axis between the lene 
and its principal focus F. 




If the resulting diverging faysihl are produced 
by imaginary lines, they will meet in a point 
situated as at /, and the lines (14 will have the 
optica] value as if they proceeded from/, and not, 
as they really do, from L. Tlie closer L is 
brought to P, the further / recedes, and vice vnsc. 

A luminous point eituated as L has, there- 
fore, a conjugate focus on the same Bide of the 
lens. It has no real existence, but represents the 
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point whence the raja seem to come — it is nega- 
tive or virtual. 

A concave Icna is thicker at the edge than at ' 
the centre, and may be regarded as an infinite 
number of truncated prisma with their bases 
turned away from the centre. As parallel rays 
would be refracted towards the bases, it follows 
that a concave lens renders parallel rays divergent. 

A concave lens baa no real or positive foeua. 
But if the directions of the divergent mys are 
produced backwards, they will meet in a point ou 
the axis called the principal focus. As the diver- 
gent rays have the optical value of proceeding 
from it, and not from the incident parallel rays. 




it is virtual or negative. Concave lenses are 
spoken of, according to their (negative) focal 
length, aa one, two, or three, etc., inch lenses. 

We ure now in a ijosition to understand the ' 
formation of images. 

When you look into a looking-glasa you i 
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yourself; you can judge of your complexion, the 
state of your hair or clothes, or you can assume 
attitudes with the certainty that whatever you 
see in the glass is an exact optical reproduction 
of yourself. But you are aware that your simU' 
lacrum has no other existence, can neither touch 
nor be touched, is neither hot nor cold, solid nor 
gaseous, nor can it convey any impression to any 
other sense than sight — it is your image. 

If 3^ou place a sheet of white paper six inches 
distant from a candle-flame, with a cardboard 
screen exactly midway between the two, and 
make a pin-hole in the screen, you will see the 
image of the flame on the paper. Its color, shape, 
and movements are accurately reproduced, but it 
is inverted. 

Inspection of Fig. 13 shows numerous diver- 
gent rays proceeding from luminous points in the 
flame F. Most of them are intercepted by the 
screen, and it is plain (as they can only proceed 
in a straight line) that not more than a few rays 
from each point can pass through the pin-hole at 
c, and must necessarily cross there. The ray 
from the uppermost point of F becomes the lower- 
most on the screen P, and vice versa; and as the 
rays from the right cross over to the left, and 
those from the left to the right, it follows that 
the image will be completely reversed. 
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■ The figure rIiows that if the ecreeti is exactly 
midway between the candle and the paper, the 
image and the flame will be of the eame size. 
But if you place the paper at a greater distance 

Fig. 13. 

(say nine inches), the image will he enlarged, as 
at P' ; if nearer, it will he decreased. In trying 
this experimentally, you will find the smaller the 
image the brighter it will be. 

If you make a second pin-liole in the screen 
two images will he formed on the paper; with a 
third, three, and ho on. It' you make a number 
of piu-holea close together, a correspondiug num- 
ber of images will be formed, but they will 
overlap, and present only the appearance of a 
blurred spot of light. 

You will therefore have no difficulty iii under- 
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Standing that the reflection from a sheet of paper 
(or any vieiblo ol)jeet) is eomposed of the rays 
proceeding from a. number of overlapping images 
of the sun, eaiKlle-flame, or otlier source of ilhiml- 
nation. "With a minute aperture in a screen all 
superfluous rays are cut ofl:', and eaeli point of the 
flame ia represented by a point in the image, and 
it is therefore clearly defined. 

You will have noticed that, whereas the image 
of the flame appears on the screen and invorted, 
your own image appears to be behind the looking- 
glass and erect. 

Fig. 14 shows the divergent rays from a point 
A falling upon a plane mirror at pq. As the angle 
of reflection is equal to the angle of incidence, the 




rays will continue to diverge at the same rate as 
they did before reflection. If the lines are pro- 
duced, they will be found to meet at a point a, 
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exactlj" the same distance behind tlie niipror a 
19 ill front of it. The same ia true of rays proceed- . 
ing from other points. Hence the reflected rayai 
seem to come from the points behind the mirror, J 
and not, aa they really do, from those in front.J 
Such an image ia termed virtual, in contradistinoJ 
tion to one that can be tlirown on a screen and i»:fl 
termed real. 

The chief use of lenses is to produce images, i 
Malte the ai"«rture in the screen the size of a shil-,] 
ling, and fasten a two-inch convex lens in it ; place-] 
the flame at six inches, and as you move tlie sheet | 
of paper, you will find at a distance over twoJ 
inches from the lens you can obtain a clear, in- j 
verted and diminished imiige of the flame. 



In Fig. IJ let AH represent two points in front 
of the lens, at a distance greater than ite focal| 
length. To understand the formation of the| 
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t 

image, draw a line, parallel with the principal 
axis, from A, and a similar line from B. They 
will be refracted, and cross at F, the principal 
focus. Now from the same points draw lines cor- 
responding with the secondary axes; they undergo 
no refraction, but meet and cross the former rays 
at ab. In other words, ah are the conjugate foci 
to AB. 

From what has been said before, you can under- 
stand that the image of A will be formed at a, and 
of B at 6, and so for other points in the object. 

This image is inverted, and as it can be received 
on a screen, or seen suspended in the air, it is a 
real image. From the construction of the figure 
it is seen that the image is diminished. As ab 
are the conjugate foci of AB, it follows that if ab 
represented points in an object, the image would 
be formed at AB and enlarged. 

Hold a (two-inch) convex lens at (six inches) a 
greater distance than its focal length from this 
page. The letters will appear inverted and di- 
minished, and as if printed on the surface of the 
lens. It is really in the air, and its formation is 
represented by Fig. 15. This inverted aerial 
image is of the utmost importance in practical 
ophthalmoscopy, and must be further studied. 

Move the lens to double its focal length (four 
inches) ; you will observe the print is still inverted, 
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bnt the letters arc no longer diminished, but at' 
their natural size. At three inches, the letters 
are inngnified, and continue to increase as yon 
approach the priucijial focus (two inches), whore 
you will notice the inverted image disappear, 
On approaching the leua with your eye you will 
be able tn read, aa the letters are in their natural 
position. The page being at the principal focal 
length (p. 28), you will remember the raya issue 
from the lens parallel, and have the optical value 
of proceeding from an infinite distance. 

Now hold the two-inch lens at a less distance (1 J 
inches) than its focal length. The print will ap- 
pear enlarged and erect. With a flame at the 
same distance no image can be thrown on a screen, | 
but an enlarged image of the flame can be seen on ■' 

Fiy. IG. 
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ooking through the lens. A convex lens gives 
an enlarged virtual image of an object placed , 
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within its principal focal length. Inspection of 
Fig. 16 shows divergent rays from a point A, 
continuing to diverge, though to less extent, after 
passing the lens. If produced backwards, they 
will have the optical value of coming from a point 
at a, further from the lens than the object. The 
same is true of divergent rays from B, which 
seem to emerge from a point at b. In other 
words, a and b are the virtual conjugate foci of 
AB, and the position of the image can be found 
by determining the conjugate foci for a few of its 
points. 

The eye looking through the lens receives the 
divergent rays, not as from the points whence 
they really issue, but as coming from the virtual 
conjugate foci of these points, and therefore sees 
an enlarged, erect, and virtual image behind the 
object. 

The foregoing facts may be thus tabulated. 
The image produced by a convex lens varies ac- 
cording as the object is placed at 



More than Doable 
Priucipal Focus. 



Inverted. 

Heal. 

Diminished. 



Double the Prin- 
cipal FUCUA. 



Same size. 



Between Principal 
Focus and Double. 



Magnified. 



The Principal 
Focus, or within. 



Erect. 

Virtual. 

Magnified. 



We are now in a position to consider the eye as 
an optical instrument. 
4 
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The cornea, aqueous and vitreous humors, 
with the crystalline lens, are the refractive media 
of the eye. Combined, they represent a bi-convex 
lens of (rather less than) one-inch focus. The 
optical centre of the combination is a little behind 
the crystalline lens. The -retina is a sensitive 
screen placed at the focus (we shall hereafter find 
exceptions to this rule). 

Our perception of the outer world is due to the 
formation of real inverted images on the retina. 

We are unconscious of the inversion as we are 
of the music of the spheres. 

To see objects distinctly, their images must be 
accurately focussed on the retina. 

Hence it is obvious that to compare the figures 
on a church-clock a hundred yards off with those 
on our own watch at eight inches — the rays from 
one being parallel, from the other divergent — 
some power of adjustment must be possessed by 
the eye. 

Supposing parallel rays brought to a focus on 
the retina, divergent rays would be focussed 
behind it {v. Conjugate Foci), and therefore the 
lens must either be removed further from the 
retina, or be of a shorter focus by becoming more 
convex. It has been proved experimentally that 
the latter process actually takes place. 

In focussing near objects, the crystalline lens is 
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rendered more convex, the greater change taking 
place on the curve of the anterior surface. This 
power of altering the focal length to meet require- 
ments is called the accommodation of the eye. 

Let us assume you can see the number on a 
door across the street thirty or forty yards oft', 
and can read print at seven inches. What in- 
crease in convexity has the crystalline lens under- 
gone? You can paralyze your accommodation 
by dropping a little liquor atropice sulphatis on to 
your conjunctiva. In half an hour the pupil 
should be widely dilated, and you will be able to 
see as clearly as ever at a distance if you shade 
your eye to avoid dazzling by bright light. 

But hold a book at seven inches — the letters are 
blurred and confused, owing to the circles of dis- 
persion formed on the retina. 

Place a convex lens of seven inches focus before 
the eye ; you can now read distinctly, but distant 
objects appear confused. 

Hence, to accommodate from distance to seven 
inches, an increase in convexity equivalent to the 
addition of a seven-inch lens is required. 

When the crystalline is at its least convexity, 
the eye is said to be accommodated for its far 
point 

When the crystalline is at its greatest convexity, 
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the eye is saW to be aceommodateil for ii 
poin I. 

The distance between the two points is termed 
the ravge of aeeommodaiion. 

In early life the near point Hea at about three J 
inches, but the power of aceonimodation diminUheBl 
with age. You observe old people either bold s 
newspaper at urra'a length, or supplement the I 
defect in accomniodation with convex spectacles. 

When the near point has receded beyond eight J 
inches, the eyes are said to be presbyopic. 

In ophthalmoscopic examinations the patient 
is assumed to relax bia accommodation to the 
utmost, i.e.,foT bis far point. The nccommoda" 
tion of the surgeon has to be varied according to j 
circumstances. 

"We estimate the size of objects by the ang 
inclosed by the two lines drawn from the t 
tremity of the object through tbo optical centre J 
of the eye on to the retina. Our impressions of J 
size, therefore, depend partly on the actual mag- I 
nitnde of the object, and partly on its distance I 
from the eye. Fig. 17 makes this evident. Tbel 
lines drawn from the extremities A3 of an object I 
throngb the optical centre C inclose the angle! 
subtended by the arc bg, and hrq is the visual angle I 
of AB. But if an object of the same size is at a I 
greater distance, as XY, the lines passing through I 
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the optical centre woultl only inclose the smaller 
angle xey. 




In orrler that an object placed at the same 
distance as XY ahould aeem aa large aa AB, it 
would require to have the dimension pq. As a 
familiar illustration of this fact, a threepenny 
piece held at arm's length will appear aa large as 
the moon's disk, which has an actual diameter of 
more than 2000 miles. 

XY ia therefore said to be viewed under a 
smaller angle than AB, and it would appear to 
be a smaller object. 

By the uocoiiscioiis estimation of objects of 
knowQ aize, such as men, sheep, carts, etc., we 
estimate distance. If AB and XY represented 
two men, we should judge the one to be further 
oft' than the other by hia inverted image occupy- 
4* 
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ing less 8pa(3e on our retina. It has been experi- 
mentally determined that (with the average acute- 
ness of vision) we require letters to be seen under 
an angle of five minutes, and the strokes com- 
posing them at an angle of one minute, in order 
to read type fluently. Magnifying-glasses are 
contrivances for increasing the angle under which 
we view objects; as in telescopes, where the 
smallness of the angle is due to distance, or 
microscopes, where it is due to actual minuteness 
of the object. 

Why the pupil of the eye appears black. 

When we look into the eye through the pupil, 
we can see nothing. We know that the humors 
are perfectly transparent, that the injected choroid 
is red, and that the sclerotic behind all is bril- 
liantly white ; and yet we see nothing but inky 
blackness. We may move our head where we 
please, we may hold our light where we please, 
the result is the same — the interior of the eye 
appears pitch dark. 

Take a common chip ointment-box rather more 
than an inch deep, blacken the inside with ink or 
paint, paste some printed matter on the inside of 
the bottom, cut a round hole half an inch in 
diameter in the lid, which replace. 

Now direct the light of a candle into the hole. 
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and you will find with a little manneuvring you 
can read the jirint— the paper looka white and 
the letters black as usual. 

But place a convex lens, one-inch focus, behind 
the opening, and you will find you can no longer 
read, you cannot even see the white paper — the 
opening looks black like the pupil. 

The cause of this change is obviously the lens. 

Examine Figs. 18 and 19. 



Figa. 18, IB. 




In Fig. 18 the divergent rays pasaing from the 
eantlle C on to the surface PP' are scattered in 
all directions from the illuminated surface; those 
which strike the blackened interior of the box 
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are absorbed, wbile others emerge tbrough the 
hole in the lid as a divergent pencil. An eye | 
placed at E would therefore perceive the illumi- 
nated letters at P. 

But in Fig. 19 the rays, instead of passing in 
straight lines to tLe inner surface of the box, are ' 
refracted by the lena to P', and it is quite obvious 
that in returning from P' they will he again 
refracted on passing through the lens, and will 
converge to the point C whence the light came. 
No rays will pass in the direction PE. 

Inspection of Fig. 18 shows a pencil of Btraight 
ingoing rays and straight outeomiug rays sepa- 
rated by an angle, and it ia clear the diameter of 
the eone of light having its apex at P increases 
with the distance from the box. In our experi- 
ment the cone is about six inches in diameter at a 
foot from the bottom of the box. Thus there is 
plenty of room for the eye to receive the out- 
coming rays without the bead of the observer 
intercepting the light from the candle, as it must 
do if the diameter of the eone were lesa than the ' 
distance between the pupil and the temporal s 
of his head. 

The lens accomplishes this diminution. Inspeo* 
tion of Fig. 19 shows a bent ingoing ray and a ] 
bent outgoing ray, and the refraction of the two ' 
being equal, a cone of light is formed having its 
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apex at the luminous point C with the base at the 
lens. In this experiment the greatest width of 
the cone is only half an inch, and it is impossible 
for the observer to place his pupil on the line of 
the returning ray without getting his own head 
" in the light."^ 

In the human eye the dioptric system (cornea, 
lens, and humors) is equivalent to our one-inch 
lens, and the foregoing conditions equally obtain, 
except that the cone is nowhere wider than the 
aperture of the pupil. 

How can the fundus of the eye be rendered luminous? 

As rays projected into the eye are returned to 
the point whence tliey came, we can understand 
that if it were possible to reflect a pencil of rays 
into the eye, the return pencil would strike the 
reflector. Furthermore, if the reflector were trans- 
parent, so as to allow a portion of the return-rays 
to pass through it, the observer would perceive 
the fundus of the eye dimly illuminated, and the 
pupil would no longer appear black. 

Hold four glass microscope-slides. You will 
find you can see through them, or you can reflect 

* If my youthful ideas of proportion are correct, it might 
have been possible for Gulliver to have studied the 'Brobdig- 
nagian retina without an ophthalmoscope, or for a Lilliputian 
to have studied Gulliver's. 
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aa with a mirror the light from a flamo on to a 
screen. Here, then, is the transparent reflector 



Again have recourse to our artificial eye; reflect i 
the light from a flame placed at aboot eight inches, 
and look through the slides at the pupil. After 
a little practice, you wili perceive a white glare 




from the paper at the bottom of the box. Ynui 
OWD eye is in the line of reflection. 
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Inspection of Fig. 20 shows the rays from the 
candle C reflected by the slides into the pupil, 
and by the reverse action of the lens returned to 
the point P. 

Of these rays, some will be reflected back to 
the candle, but others will penetrate the glass so 
as to be received by an eye placed at E. 

This is the method by which Helmholtz solved 
the problem of placing the observer's eye within 
the reflected cone of light. His ophthalmoscope 
was constructed of four glass plates, w-ith certain 
additions which do not here concern us, for ren- 
dering details clearly visible. 

As much light is lost with this form of re- 
flector, it has not come into general use, but a 
mirror having a small central opening for the 
observer's eye has been almost universally adopted. 

The manner in which a concave mirror renders 
the fundus of the eye visible may be readily 
understood. 

A concave mirror of short focus receives the 
divergent rays from a flame placed at F, and, 
rendering them convergent, reflects them into the 
eye so as to illuminate a portion of the fundus. 

As the accommodation is relaxed, the rays on 
returning from the fundus are equivalent to the 
I'ays from an object exactly at the principal focus 
of a convex lens. 




They iaaue parallel, and no real image ia formed ; 
but an erect, virtual, enlarged image, apparently 1 




situated behind tlic fundus, can be seen hy the 
observer looking through the ccntrul aperture c 
the mirror. 



OPTICAL PRINCIPLES. 49 

Fig. 21 shows divergent rays from a flame F, 
rendered convergent by a concave mirror, and 
reflected into the eye at E. 

The rays cross in the vitreous humor and form 
a circle of dispersion dd on the retina. The 
return divergent rays from a given point a would 
on emergence be rendered parallel, and have the 
optical value of proceeding from behind the eye 
in the direction of the dotted lines oo. In a 
similar manner the rays from a point b are shown 
as proceeding from pp. By the eye placed behind 
the mirror at 0, an enlarged, erect, virtual image 
would be seen apparently situated behind the 
patient's eye.* 

By this method of examination, details are 
seen greatly magnified, and nearly in their true 
colors, but only a small portion of the fundus is 
in view at one time. In order to obtain a general 
view of a larger surface, a convex lens is held a 
short distance from the patient's eye, so as to 
form a real inverted image in the air. This is 
termed the indirect method of examination. 

Fig. 22 shows divergent rays from a flame F, 
rendered convergent by the mirror, and still more 

< In the diagram, the sight-hole is outrageously enlarged in 
oMer to allow the lines to be widely separated for the sake of 
ready apprehension. 

5 ' ■ .- -^ 
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SO by the lens, crossing in the vitreous, and 
forming a circle of dispersion ba on the retina. 
The return rays from any point A are refracted 
to its conjugate focus at A', and so also the rays 
from B would be brought to a focus at B'. An 
eye placed behind the mirror at E would (at its 
proper distance for distinct vision) perceive the 
magnified image B'A' in the air. The size of the 
image is influenced by the focal length of the lens. 
It is obvious that the more the rays are converged, 
the less the image must be; and the rule may 
be easily remembered as a sort of paradox — the 
stronger the objective, the less the image. 



SECTIOI^ II. 

The instrument known as Leibriech's small 
ophthalmoscope is the best for a learner. 

It consists of a concave mirror of from 8 to 
12-incli focus; made, by preference, of silvered 
metal. The thick glass mirror now ordinarily 
sold has many disadvantages. The sight-hole is 
placed centrally, and to enable the light to pass 
when the mirror is inclined, its edge should be 
bevelled at as great a slope as possible, so as to 
form a funnel-shaped opening, narrowest in the 
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front. Tlie anterior diameter of the apertUM 
Blionld not exceed one line. Two large conveji 
leuBes of reapectivoly 2 and 3J inches focus ai^ 
required for the examination of the inverted 
image. The first gives a email, clear image witi 
a conaiderahle extent of field ; the second maj 
nifies sufficiently for the examination of ordinarj 
details, hut only shows a limited jwrtion of th« 
fundus at one time. The 2-inch is the easier i 
manage, and should be employed at first. 

Other lenses, sraall enough to fit into a cli^ 
behind the mirror, should be provided. Of theae 
one should be the correcting glass for your owd 
eye if you are not emmetropic (see p. 80), anffl 
the others may be conveniently 8, 12, 20, j 
30-inch convex and concave. 

These are used as eye-pieces, and serve in estl 
mating the refraction of the eye, and in examinj 
ing elevations or dcpreasions in the erect imagi 
(p. 94), The 8-incli convex may be used to nii^ 
nify the inverted image. A 4-inch convex ma^ 
be added for the examination of eyes after catarad 
operations. 

The patient should be seated in the cbair, with 
his back supported and his head erect. He should 
be cautioned not to move hia head when dirocted_ 
to look in this or that direction. The lamp shouM 
be placed on the same side as the eye to be ei6 
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amiued, about three inches laterally from the 
patient's head, and sufficiently far back to leave 
the eye in shadow. 

A gas-bracket with a parallel movement and a 
porcelain argand burner is the most convenient 
form of light ; but any lamp with a clear, steady 
flame, and capable of being varied in height, will 
answer the purpose. 

The room must be darkened. 

The observer will find it convenient to sit upon 
a music-stool, as it enables him readily to arrange 
his height according to requirements. He should 
sit exactly opposite to and slightly above the level 
of his patient. If you are not pronouncedly right- 
handed, it is well to make a practice of using 
either eye indifferently from the first. The im- 
portant point is to have your own and the 
observed eye exactly in the same line. 

I should advise you to adopt the plan of exa- 
mining the patient's left eye with your left, and 
vice versa^ as shown in Fig. 23. It has these ad- 
vantages (which you will realize after working 
through this section) — that the little finger of the 
hand holding the mirror serves as a guide for the 
movements of the patient's eyeball; that the 
hand carrying the objective is out of the patient's 
way ; and you can vary from the indirect to direct 
examination with great rapidity. 

5* 
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The patient's eye should be under the infliience'l 
of atropine to enlarge the pupil and relax i 
accommodation. 
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skilled observer can frequently do without it, but 
to the beginner it is essential.] 

The first step consists in reflecting the light by 
the mirror into the pupil whilst looking through 
the sight-hole. 

For this purpose take the mirror in your hand, 
and hold it with the reflecting surface turned 
towaiuis the lamp, with the edge resting lightly 
against the superior margin of your orbit, much 
as you would hold an eyeglass. 

By closing the unoccupied eye you can ascertain 
whether you are looking through the sight-hole. 
I have seen disappointment crown patient efforts 
from neglect of this simple precaution. Now 
vary the inclination of the mirror till you bring 
the bright spot of light on to the patient's pupil, 
which will change . from black to glowing red. 
Continually practise bringing up the mirror and 
thriowing the light into the pupil till you can do 
it with ease and precision. 

Your next step should be to practise moving 
your head nearer to or further from the patient, 
still maintaining by an action of your fingers 
(that will soon become automatic) the light upon 
the pupil. Finally, move your head from side to 
side three or four inches each way, keeping the 
light all the time on the pupil. 

During the whole of these movements the pupil 
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fihoiild present a red glare — if it look black, youB 
light is astray. 

Now direct the patient to look (without moving 
his head) at your upraised little finger. To) 
should perceive the red glare from the pup^ 
change to a yellowiah-white. By rotation of th« 
eyehall inwards the optic disk has come into t 
axis of vision. As this is the chief landmark in 
all examinations, you should continually practise 
this manceuvre till you can do it perfectly. 
not proceed to the employment of the objectiv 
till you have thoroughly learned the knack < 
managing the light with the mirror, as abow 
directed. 

So far you have seen nothing distinctly ; \ 
have now to learn how to bring details into focuj 
with the aid of the objective. 

Take the lens (2-inch) between tlio thumb ( 
forefinger of your disengaged hand, and hold id 
two inches in front of the patient's eye, so tiisfil 
the light from the mirror passing through 
lens is concentrated on the pupil. You n 
steady your hand, if you choose, by resting youi 
little finger against the upper margin of the orbttJ 

You should now see the inverted image of t 
optic disk, and a portion of the surrounding funj 
dus, Remember the image is in the air abaul 
two inches on your own aide of the lens. 
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have therefore to overcome the difficulty of focus- 
sing with the objective so as to obtain a sharp, 
clear image, and of holding your head at such a 
distance as to see it plainly. In the beginning 
you will bungle, as you did when you first tried 
to row with a pair of sculls, or execute the asso- 
ciated movements of arms and legs in swimming; 
but if you have previously mastered the use of 
the mirror as advised, the period of struggle wtll 
be short. The distances you have to maintain 
are : (1) the lens must be two inches from the 
pupil, and (2) your own eye must be two inches 
further from the lens than the distance at which 
you clearly read small type (bmuant); say that is 
twelve inches, you will see the image clearly at 
fourteen. 

The optic disk, pierced by the retinal vessels, 
should now be clearly in view. Its healthy aspect 
is described at p. 64. At this period you should 
give your whole attention to acquiring the power 
of focussing. Select as a test-object the edge of 
the disk or a vessel. Practise with this sole object 
over and over and over again, till you can bring 
out the details clear and sharp — with nothing 
blurred or foggy about the edges or colors — as 
easily and precisely as you can focus the face of 
a beauty with an opera-glass. You may find the 
disk only partly in view. Bear in mind that the 
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image moves in the opposite direction to yoai 
head, and in the same direction as the lens. You 
can therefore generally hring the disk completely 
into view, either hy moving the lens a little side- 
wayB in the rec[uired direction, or by niovinj 
your head in the opposite.' 



"4 




The hist difRculty is eansed by the reflections 
of tlie mirror on the lens and cornea. The fornii 



■ Btudents do not readily imdersland tlie eiTcct of inver^oD; 
Fig. 34 ia a map orilic left c;u in tUc erect imago, sliuwiiigl 
position of a disk, with Llie largest yein curriog upwards, ai 
a diaensed patch in Uie upper and inner quadrant of llie Add. 

Fig. 25 is a mapof aame eye in tlie inTerted imRgc, sliowing 
the changed posilion uf the disk. The largest Tein apparently 
courses downwarda, and Ihe diseased patch is now in the lower 
and outer ([uadrant. The maps have heen drawn of the 
size for the salie of com pari son, but the student will leme 
they should differ greatly in magnitude. 



m 
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has not uufrequently been viewed with c6mpla- 
cency as the disk. It may at once be distinguished 
by the little black dot in the centre. By inclin- 
ing the lens a little from the perpendicular, it can 
be thrown beyond the margin of the field. 

Do not imagine these early steps are easy. Even 
with a good teacher much difficulty will be ex- 
perienced. You must spend time and take trouble 
before you can simultaneously perform the minute 
adjustments of hand and eye upon which focussing 
depends. But do not attempt to pass on to other 
portions of this subject till you have thoroughly 
mastered this ; and above all, do not persuade 
yourself you can see when you cannot. I repeat 
the steps :— 

1. Throw the light into patient's eye with 
mirror. 

2. Move your own head to and fro, still main- 
taining light upon the pupil. 

3. Move your own head from side to side. 

4. Direct your patient to look to one side, so as 
to bring optic disk into view. 

5. With disengaged hand place objective, and 
focus details. 

Ifow read over and verify the description of the 
healthy structures before proceeding to acquire 
the art of examining the erect image. 

Ascertain, in the first place, that your own 
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refraction is normal ; if not, a suitable correcting 
lens must be placed in the clip behind the mirror. 

The direct method of examination, though ex- 
ceedingly simple, requires much practice ; but the 
student should spare no pains to acquire facility, 
as certain important details cannot otherwise be 
seen in their true aspects. 

The examination is made with the mirror alone. 

The lamp must be on the same side as the eye 
to be examined, rather more forward than for the 
indirect method. 

The patient is directed to look at some distant 
object, and to pay no attention to the movements 
of the observer. 

Throw the light into the pupil as before ; but 
remember you will have to approach very close 
to your patient, and therefore, to avoid intercep- 
tion of light and nasal bumps, use the right eye 
for examining the right, and the left for the left. 

As soon as you see the whitish glare indicative 
of the optic nerve, approach the patient, still main- 
taining the light upon the pupil. 

As you approach, the vessels will come into view 
as blotchy, red streaks, which will become clearer 
and clearer, till, having only a space of two or 
three inches between the eyes, you should see a 
well-focussed, magnified image of the optic disk, 
or a least a portion of it. The main difficulty in 



OPHTHALMOSCOPE. 61 

doing this lies in the tendency to accommodate 
for a near point as you approach the eye. If you 
find you cannot focus clearly, place a concave lens 
in the clip behind the mirror. The rays will then 
fall upon your eye divergent as if from a point at 
a definite distance (whatever the negative focal 
length of the lens may be), and you will find 
no diflSculty in accommodating accordingly. By 
degrees substitute weaker and weaker glasses, till 
you can altogether relax your accommodation. 
Some observers experience great difiiculty in ac- 
complishing this feat, and habitually use a weak 
concave. When the patient's eye is not thoroughly 
under the influence of atropine, its employment is 
generally advantageous. 

As the field is very limited, you must hunt over 
the fundus bit by bit. Bear in mind that the 
image moves in the same direction as you do. 

Oblique llluminatioyi. 

Changes in cornea, aqueous, lens, or capsules 
are most perfectly seen in their true aspect as 
regards position and color by oblique illumination. 
This consists in concentrating the light on the 
parts to be examined by means of a lens. DiflTused 
daylight or lamplight may be employed, but the 
direct rays of the sun for obvious reasons must be 
avoided. 
6 
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The lenses used as objectives are emploj-ed 1 
concentrate the light. 

The patient is seated facing a window or lamd 
The Ifltter should he ahont twelve inches lateralM 

Fig. Hfi. 




and six or eight in front of his eye, but the posi- 
tion should be varied from time to time, till a 
thorough exploration has been made. Standing 
in front of the patient and on the side opposite to 
the lamp, take the (3J-inch) lens in hand, hold the 
lens between the lamp and observed eye rather 
more tlian its focal length from the latter, so that 
i bright, oireular spot of light is thrown into the 
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pupil. By moving the lens slightly, and directing 
the patient to look successively in various direc- 
tions, the faintest opacities are made visible. 

The second lens (2-inch) can be held rather 
within its focal length from the eye, and used as 
a magnifying glass. 

Two or three trials will suffice to make you 
complete master of the method. 



SECTION III. 

Appearances of Healthy Structures. 

Having learned how to see fairly, you will have 
now to learn what you see. First, make yourself 
acquainted with the healthy appearances. Many 
students with good ears are slow in becoming 
competent auscultators from neglecting to master 
thoroughly the healthy respiratory sounds. From 
the same cause ophthalmoscopic appearances which 
are consistent with health, and are really proper 
to the individual's construction, are frequently 
mistaken for pathological signs by students who 
have formed their idea of the healthy fundus 
from an atlas. 

1. The media must be examined with a mode- 
rate light by the mirror alone, and the results 
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checked by the oblique illumination. A strong 
light renders slight opacities transparent. Strings 
or bubbles of mucus on the cornea are occasion- 
ally misleading, but may be recognized by their 
changing their position when the patient winks. 

[Slight turbidity of lens or vitreous is frequently 
mistaken for haziness of retina. By oblique illu- 
mination, a faintly striated appearance of lens is 
seen in some people, and the deeper reflection in 
the aged is seldom quite free from milkiness.] 

2. The optic disk must be studied in the 
inverted image, but minute variations in color 
are best made out by the direct examination. 

The general aspect of the disk is circular or 
oval, with the long diameter vertical. The color 
is compound, being derived from the following 
elements: (a) Red from the nutrient capillaries; 
(3) Glistening white from the connective tissue ; 
and (7) Transparent yellowish -gray from the nerve 
tubules. 

The whole produces the effect of a delicate 
cream-color, warmed with a light rose-pink, but 
varying in difterent subjects. Some persons have 
naturally florid disks, as some have florid cheeks, 
and vice versa. The eflfect of contrast also must 
not be overlooked, a well-pigmented fundus mak- 
ing the disk appear whiter than it does in a 
blonde. 




Sclicmo rjf Ojilic Dlak. 



The color of the aurfnce is not uniform. Pro- 
ceeding from the edge towards the centre, we 
perceive: — 

(a) The boiiler of the clioroidal opening. This 
varies from a light- to a hrowniah-gray, and is 
frequently marked on the outer side by a crescent 
of dark pigment. 

{a) The border of the sclerotic opening and the 
internal aheatli of the nerve together form a 
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slender zone of glistening white. As the choroi- 
dal opening varies in size and shape, the amount 
of sclerotic visible varies from a scarcely percep- 
tible line to a well-marked crescent, which is 
liable to be mistaken for the effects of disease. 

(7) Of the general surface, the inner half is the . 
most decidedly pink ; the outer (by contrast) often . 
looks so white as to be mistaken by careful but. 
inexperienced observers for commencing atrophy. 

(«) In the centre appears a small white patch, 
sometimes circular, sometimes irregular in form. 
This is the bundle of connective tissue surround- 
ing the central vessels. The surface is depressed 
rather below the level of the true nerve substance. 
It is called the poms opticus {v. Physiological Pit, 
p. 95). 

3. The vessels. 

The central artery of the retina pierces the disk 
near its centre, and divides as it emerges into an 
upward and a downward branch, which, by re- 
peated bifurcations, spread over the whole retina 
except the yellow spot. 

V The corresponding veins enter the disk sepa- 
rately, a short distance apart — sometimes two to 
each artery. They are larger than the arteries, 
and their course is more sinuous. In some eyes 
a spontaneous pulsation is seen as the veins enter 
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the nerve, and slight pressure on the eyeball 
suffices to produce it as a rule. 

A few small trunks derived from the short 
ciliary arteries pierce the disk and radiate on to 
the retina. 

The vessels look like what they are — very fine, 
transparent tubes filled with red fluid. The light 
falls upon them so that their edges appear dark 
and their centres bright and shining. As the 
arteries are cylindrical, the central streak is well 
marked ; but the veins, being somewhat flattened, 
show it more imperfectly. At the edge of the 
larger vessels also a faint white line can frequently 
be perceived on the retina. 

You must learn to distinguish the vessels. 

The following are the main differential points: — 

Veins. 



Arteries. 

Smaller. 

Bright red, lending to scarlet 

(approximate). 
Edge and bright central streak, 

well marked. 
Course straight. 
Cross over veins. 
Pulsation very difficult to see. 



Larger. 

Dull red, tending to crimson 

(approximate). 
Color more uniform. 

Course sinuous. 
Cross under arteries. 
Pulsation easily seen. 



4. The Retina, — The general expanse of the 
retina is not as a rule visible, but in some deeply 
pigmented eyes it can just be seen like the 
" bloom" of a grape over the choroid. 
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The yellow spot is very difficult to see. It is 
situated on the axis of the eyeball, about two 
diameters of the disk to its outer side. The 
patient must look straight before him, and the 
observer must " dodge" a little from side to side, 
and hold the objective obliquely, so as to avoid the 
corneal reflex, which is just in the line of sight. 

The appearance of the spot varies very much. 
It is generally oval, duller than the surrounding 
fundus, destitute of visible vessels. In the centre, 
after considerable practice in favorable cases, a 
small, bright spot can be distinguished. This is 
the fovea centralis, 

5. The choroid gives the general red tint to the 
fundus of the eye. It varies from a bright pink 
in the blonde to a dull purplish-brown in the 
brunette. The details of the inner layers cannot 
be seen, but in the erect image the tessellated pig- 
ment layer causes the surface of the fundus to 
appear granular. 

The appearance of the deeper layer of the choroid 
is mainly influenced by the amount of its pigmen- 
tation. 

In very fair persons, where the pigment is 
scanty, the general choroidal glow is a beautiful 
bright rose-color, the intertwining of the choroi- 
dal vessels is plainly seen, and the ciliary arteries 
can be observed piercing the sclerotic. 
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In persons of a medium tint, the choroidal 
vessels form a meshwork of hright red with the 
interspaces filled with pigment more or less dark; 
the spaces are irregular in shape, but are small 
and round near the disk, larger and more elon- 
gated towards the periphery of the fundus. 

In very dark persons, the details of the deeper 
layer cannot be seen, and the fundus presents a 
surface of a uniform dark reddish-brown. It is 
of the utmost importance to become practically 
acquainted with the pigmentation of the choroid, 
and not to fall into the error of mistaking its 
natural markings for the eifects of prolifemtion. 



SECTION IV. 

Appearances of Disease and Structural 

Defects. 

It is no part of my purpose to teach you diseases 
of the eye, but I advise you to learn what to look 
for as pathological appearances before passing on 
to the study of the separate diseases described in 
systematic treatises. I cannot help thinking 
students would gain time if all physical diag- 
nosis were attacked in this manner. A student 
who has been previously well taught to distinguish 
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the separate chest-sounds without an inkling of 
the diseases, is almost certain to become a more 
accurate auscultator than one who begins by mix- 
ing up the rational and physical signs, the general 
symptoms and morbid anatomy, so as to acquire 
a certain superficial skill in diagnosing one case 
from its family likeness to another. I shall enu- 
merate the most important evidences of diseased 
action in the tissues of the eyeball, and give direc- 
tions which will enable you with practice to dis- 
tinguish those most likely to be confounded. 

In making an examination, I should advise you 
to follow systematically the plan here appended. 
Pass on from structure to structure in regular 
order, till your attention is arrested by some ap- 
pearance not according with your previous expe- 
rience. By turning to the description of the 
structure under observation, you will probably 
be enabled to form a rough idea of the significance 
of what you see. In this way you can store up 
your early observations, till you can readily answer 
such questions as, Am I looking at an elevation or 
depression ? Are those white patches deposits or 
atrophied spaces ? 

Plan of an Examination. 

[Instil atropine twenty minutes beforehand.] 
1. Examine the cornea, lens, and vitreous with 
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the mirror alone. Small fiebulae, opacities in the 
lens, or flocculi in the vitreous may be observed 
and their position noted before proceeding to view 
the inverted image. Dislocation of the crystal- 
line will be thus seen, and sometimes a detached 
retina is visible. 

Slight opacities are best seen with a moderate 
amount of illumination, as a strong light renders 
them semi-transparent. 

Many experts reserve the examination by ob- 
lique illumination till the last, but the student 
will do well to employ it at this period if the 
media do not seem perfectly clear. 

2. Estimate the condition of refraction, whether 
emmetropic, hypermetropic, or myopic. Hyper- 
metropia is a frequent cause of defective vision, 
pain, and alarm. Ascertain if the lens be in situ. 

3. Pass on to the optic disk. Note its shape ; 
remember the effect of unequal refraction (astig- 
matism or conical cornea) on its form ; its color, 
whether it errs on the side of redness or pallor ; 
the margins, whether sharp, clear, and even, or 
woolly, indistinct, or jagged ; whether the level 
of the surface be above or below the rest of the 
fundus, and if the vessels show a sharp outline. 

4. Distinguish between arteries and veins ; note 
their relative size, straightness, or tortuosity; 
clearness with which they can be focussed ; if 
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hidden at any portion of their course; pulsation, 
if any ; and whether they are curved in passing 
over the margin of the disk. 

5. Pass on to the retina ; observe if its trans- 
parency be impaired, especially if the edges of its 
vessels are blurred. Satisfy yourself that the want 
of transparency is in the retina and not in the 
media. I have seen incipient cataract diagnosed 
as retinitis. Look carefully, especially in the 
region of the yellow spot, for deposits or hemor- 
rhages, and at the periphery for spider-shaped 
pigmentation. 

6. The choroid ; note its color, and the size 
of the opening surrounding the optic disk, 
whether circular or atrophied, irregularly show- 
ing a " crescent" of sclerotic ; look for irregular 
patches of pigment or atrophied spaces, and 
whether the large choroidal vessels are too 
plainly visible. 

I. 

The Media. — As the media are transparent in 
health, disease is shown by opacity either diffused 
or collected into spots. The first step in observ- 
ing an opacity is to make sure of its position. As 
deep as the posterior capsule, opacities can be seen 
in their true colors by the oblique illumination. 
With the mirror, exceedingly minute opacities 
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can be seen at any depth. As they are rendered 
visible by the rays reflected from the fundus, they 
are in shadow and consequently appear black. 

To Determine the Depth of an Opacity in the Media. 

In looking at a moving eyeball with the mirror, 
the corneal reflex remains still, and may be used 
as a fixed object by which to measure the excur- 
sions of any moving spot. The pivot or turning- 
point around which the eye rotates coincides with 
the posterior pole of the lens, and in whatever 
direction the globe is moved, that point always 
remains stationary. 

If we imagine a line drawn through this point, 
its ends would move, with the movements of the 
globe, in opposite directions, like a seesaw. A 
glance at Fig. 28 will make this apparent. A 
line is shown in the left eye passing through the 
turning-point and the corneal reflex. 

Opacities are represented at A, B, C, situated 
at various depths on this imaginary axis. When 
the patient looks to the left, the parts assume the 
positions marked by the dotted lines. The opacity 
A (situated on the anterior capsule) moves to the 
left (A'), B in the vitreous moves to the right 
(B'), C (deeper in the vitreous) moves yet further 
to the right (C), and a point on the retina would 
move most of all. 
7 



Therefore {in the erect image) opacities moving 
in the (a) same direction as the patient looks are 
in anterior portion of lens, aqueous, or cornea : in 
the (b) opposite direction are in the vitreous, and 
the extent of movement is in proportion to tlieir 
depth, (c) Those remaining stationary are situated 
at the posterior pole of the lens. 

To understand how, with the inverted imagBy.l 
the movements of an opacity would be aflected.l 




hy its depth, stick three pins in a row about tw 
inches apart; look at them with one eye exactly 
on the same level — the foremost pin only will he 
visible. Interpose a convex lens between the eye 
and tlie first pin, so as to see its enlarged inverted 
image. Move the lene to the right; the image 
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moves to flie right also, more rapidly thati the 
lens; by coutiiiuiug the movement, the inverted 
image of the second pin cornea into view, and also 
moves to the right, but slower than the first ; and 
ultimately the third image is seen moving in tlie 
same direction, but slowest of all. 

The Cornea. — Opacities in the cornea are easily 
seen to be superficial. With the mirror small 
nehulffi appear as hkck spots, and transparent 
ulcers have a black edge. With the oblique illu- 
mination very thin nebulae and nlcers or iueqatitiea 
of surface are easily seen. 



The Lens. — On the anterior capsule opacitiee 
are, for the most part, due to disease of either 
cornea or iris. Small patches of lymph, threads 
tying the iris down to the capsule, and dots or 
streaks of uveal pigment, present no difficulty in 
detection. A common form is seen in young 



■ Fig. SQ. — A shows pupU tied down by adLesions to aute- 
rior capsule, with deposit of lymph in centre ; B, central cap- 
sular cataract ; C, cortical ; D, eonuUr— all aa Been by oblique 
Illumination. 
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children as the result of ulceration of the cornea. 
It appears by oblique illumination either as a small 
white spot, not more than about half a line in 
diameter, in the centre of the pupil, or as a 
whitish mass occupying a greater space, heaped 
up into a cone on the anterior capsule, and pro- 
jecting forwards into the aqueous. 

The former is termed a central capsular cataract, 
the latter pyramidal. In neither is the capsule 
itself supposed to actually become opaque. 

The most common opacities of the proper lens 
substance are the following : — 

1. Soft cataract of early life and traumatic 
cataract. With the mirror the fundus appears 
blurred, as if seen through tobacco-smoke or a dif- 
fused milkiness. By oblique illumination the 
whole lens appeals a whitish gray. A few streaks 
or chalky dots and shining flakes of cholestearine 
may perhaps be seen on the under surface of the 
capsule. 

2. Senile or hard cataract. The opacity is most 
marked in the centre. In incomplete cases the 
fundus is seen dimly as through a London fog, or 
no reflection mav be seen in the centre, while the 
periphery appears as a dull red. By the oblique 
illumination the nucleus is seen to be of an amber 
tint, and the remainder of the lens occupied by 
faint opalescent strite. 
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8. Cortical cataract. Dark strise are seen extend- 
ing like spokes of a wheel from the periphery 
towards the centre of the lens, the red glow of the 
fundus shining through the interspaces. By ob- 
lique illumination the strise appear gray or white, 
and the direction of their curves indicates their 
position in the anterior or posterior layers of the 
lens. 

4. Zonular (laminar or lamellar) cataract is an 
opacity of certain layers of the lens, the centre and 
other layers remaining transparent. On section 
they might be compared to the layers of paste and 
jam in a rolypoly pudding, except that they are 
concentric. As the opacity is in no part very 
thick, a diffused reflex is generally visible, even 
in the centre, and the fundus can be made out 
through the clear margin of the lens. By oblique 
illumination a small white central disk is seen, 
with an ill-defined margin, or surrounded by con- 
centric rings, dots, or interlacing lines. The 
opacity is readily perceived not to be in exact 
juxtaposition with the anterior capsule, but to be 
situated at a variable distance behind it. 

The lens may have been dislocated or removed 
from the globe by operation. We have already 
learned that in looking through the lens it acts 
as a magnifying-glass, and we are therefore pre- 
pared to find the image by either method of exa- 
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mination very small. The eye is of course highly 
hypermetropic. The virtual, erect image can be 
seen at some distance with the mirror alone, and 
details can be clearly focussed at a few inches' dis- 
tance through a 4-inch convex eye-piece. By the 
oblique illumination a dislocated lens can generally' 
be seen lying behind the iris, or it will float partly 
into view when the eyeball is moved. 

Dislocation into the anterior chamber can be 
seen by the unaided eye. 

The Vitreous Humor. — In examining the vit- 
reous, the patient must be made to look quickly 
in various directions in obedience to orders. By 
this means opacities will be seen to tremble if the 
consistence of the vitreous is lost or is slightly 
reduced, or to float quickly to and fro if it is ap- 
proaching a fluid condition.. You may note the 
following : — 

1. A diffused opacity or general fogginess ; this 
is seen, either in the direct or indirect method, by 
causing a veil over the details of the fundus. It 
may be either the result of spontaneous inflamma- 
tion of the vitreous (hyalitis),but more commonly 
follows circulatory or inflammatory changes in the 
retina and choroid. Some little care is required 
to discriminate between opacity of the vitreous 
and lens. 

2. Filamentous opacities, like spider-webs, are 
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seen a8 very delicate threads traversing the vit- 
reous. With the movements of the eyeball, they 
may be seen variously foreshortened, so as to 
change their shapes from dots to lines. These 
changes are subjectively visible to the patient, 
and are generally a source of great annoyance. 

3. Membranous and flocculent opacities are seen 
as shadowy objects floating to and fro when the 
eye is moved. As they pass over the pupillary 
area, they often unfold and assume queer shapes, 
like leaves or paper blown about by the wind. 
They are frequently attached at one end. Heavier 
masses of lymph will be seen after rising to fall 
slowly down in a straight line. 

4. Blood-clots from choroidal or retinal hemor- 
rhage, when recent, scarcely admit of mistake. 
As they break up and commence to become ab- 
sorbed, they lose color, become woolly at the edges, 
and can scarcely be distinguished from inflamma- 
tory flocculi. 

5. Crystals of cholestearine are also unmistak- 
able. "When the eyeball is moved, they glitter 
and shine with an indescribable pyrotechnic bril- 
liancy. 

6. Foreign bodies, when recent, present their 
own proper appearance, but after a time the vit- 
reous in immediate contact becomes gray and 
opaque. The whole vitreous may become foggy, 
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or the foreign body become closely encysted in a 
coating of yellowish-gray lymph. A dislocated 
lens frequently becomes encysted in this manner. 

To Ascertain the Refraction of the Eye. 

In a properly formed eye, parallel rays are 
brought to a focus exactly on the retina, without 
any eiFort of the accommodation. Such an eye 
is termed Emmetropic. But many eyes differ 
from this standard. 

(A) In one class the length of the eyeball is 
greater than the focal length of the lens, etc. 
Parallel rays are therefore focussed at a point in 
front of the retina. We have already learned 
that the distance between the image and a lens 
is increased in proportion to the divergence of the 
incident rays (y. Conjugate Foci), and we can 
therefore understand that in this class of eyes 
only divergent rays can be focussed on the retina. 
Such eyes, in order to see distinctly, must either 
have the object within a certain distance (say ten 
inches), or parallel rays from distant objects must 
be rendered artificially divergent by concave spec- 
tacles. 

These eyes are familiarly termed short-sighted, 
or technically, myopic. 

We have already learned that rays proceeding 
from the retina are refracted by the lens, etc., and 
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we can therefore understand that in emmetropia, 
as the retina is exactly at the principal focus, the 
divergent rays proceeding from it would emerge 
from the eye parallel. 

In myopia, the retina being beyond the prin- 
cipal focus, rays proceeding from it would have a 
less degree of divergence, and would therefore 
emerge as convergent rays, meeting at the con- 
jugate focus of the retina. 

(B) In another class the length of the eyeball 
is less than the focal length of the lens, etc. 
Parallel rays are therefore focussed at a point 
behind the retina. 

We have already learned that the distance 
between a convex lens and the image produced 
by it is decreased if the incident rays are already 
convergent, and we can therefore understand that 
in this class of eyes only convergent rays can be 
focussed exactly on the retina. No such rays 
exist in nature, and these eyes require parallel 
rays to be rendered artificially convergent by 
convex spectacles in order to see anything dis- 
tinctly. These eyes are termed oversighted, or 
hypermetropic. 

How can we recognize these conditions, by the 
ophthalmoscope ? 

You have already learned that, in order to see 
details of an emmetropic eye clearly, you must 
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approach within two or three inehee. At that 
distance, aud with your own and the patient'M 
accommodation relaxed, details can be accurateljl 
made out. 

Fig. 30 shows divergent rajs proceeding from 1 
two points ab (say the upper and lower margin I 
of the optic disk), traversing the lens L. They 1 
emerge parallel, and as if proceeding respectively 
from the virtual poiuts oo^ pp, producing an ( 
larged virtual image. Simple inspection shows i 
that an eye situated at E would only see the J 
portion of the image included in the angle CED;S 
that if it approached so as to increase the i 
it would see more; if it receded so as to diminish^ 
the angle, it would see less (v. Visual Angle, p. 
40). You may i-oughly demonstrate this by i 
laying a convex lens (2-inch) on the optic disk in,.l 

Fig, 30. 




Fig. 27. On looking through it at the diagram, 
a apace efjual to the diameter of your lens will be i 
plainly seen at a distance of 15 incbeR. But j 
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gradually raise the lens from the paper, the de- 
tails become larger and larger, but less and less 
can be seen of the surface of the disk, till the lens, 
having arrived at 2 inches from the page, nothing 
can be seen distinctly but a glare of white and 
confused blotches of black (corresponding to the 
glase seen from the interior of the eye with the 
mirror alone). If now, still maintaining the posi- 
tion of the lens, you bring your eye to within 
2 or 3 inches of the lens, you will be able to see 
all the details clearly magnified. 

In myopia a clear image of the fundus cannot 
be seen by the naked eye at a few inches. With- 
draw your heads some distance (say 18 or 20 
inches), and you will perceive the disk and vessels 
come more or less clearly into view. On moving 
your head slightly from side to side, you will 
observe the image move in the opposite direction, 
— it is an inverted image. 

Suppose your patient has his far point at 10 
inches, the rays from his retina would converge 
and meet at that distance to form an inverted 
image. You would be able to see this at your 
ordinary distance for small objects (say from 8 to 
12 inches). Therefore at from 18 to 22 inches 
from the patient's eye you would see a real in- 
verted image without using an objective. Fig. 
31 shows the path of the rays and the position of 
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the iraage — ^E, the observer'a eye (emmetropic) M 
M, the myopic eye ; I, position of the image.' 



Afl the return rays are convergent, it followgl 
that you cannot see the erect image of a myopiaj 
eye without the aid of a lens to render them 
parallel. In the above example, the rays 
at 10 inches from the myopic eye. Let ub auppof 
you place your eye at 2 inches; the rays woul^ 
cross at 8 inches behind the front of your cornea," 
supposing no refraction to take place. Therefore 
if a concave lens of 8-inch negative focal length 
be placed ae an eye-piece behind the mirror, the 
rajs will be rendered parallel, and focueaed on 
your retina without accommodation. 

In a few trials it is easy to determine what con- 



■ Bliort'SigUIed peraooa are very common, and way be 
known by tlicir inability to sec objects (a churcli clock, 
naniEs oyer sliops, cic.) cleurly At a distsDce ; bj tbeir good 
eight for small objects buld ae ir lUe eye, and by conoaTfl 
glasses improving vision for distance. The si 
text sliould be verified on Buch a one. 
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cave lens placed in the clip of the mirror gives 
the clearest image at a few inches. By adding 
the distance between the eyes to the negative 
focal length of the eye-piece, an approximation is 
made to the glass required to correct the myopia. 
This is a valuable method of examining short- 
sighted children, who cannot be depended on to 
give accurate replies. 

With the indirect examination it is less easy to 
diagnose myopia, except of a high degree. Ar- 
range a biconvex lens (say 2 inches) vertically, 
with a visiting card a little beyond its focus (say 
2 J inches) ; you will be able to see an enlarged 
inverted image at about 18 inches. Now interpose 
an objective (3J inches), and observe the result- 
ing small inverted image. Move the objective to 
and fro some few inches, in a line between your 
eye and the 2-inch lens ; you will note that the 
image becomes smaller as the objective approaches 
the lens, and vice versa. So in the indirect exami- 
nation of a myopic eye, the image is rendered 
smaller by moving the objective closer. 

In hypermetropia a more or less clear view of 
the fundus can be obtained at a distance with the 
mirror alone. On moving your head from side to 
side you will observe the disk move in the same 
direction ; the image is enlarged, erect, and vir- 
tual. As the return rays are divergent, they have 
8 
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of course the optical value of coming from a vir- 
tual focus behind the eye (say 10 inches), and 
could be rendered parallel by a convex lens of 10 
inches principal focal length. Hence, with a 10- 
inch eye-piece we can approach within 2 or 3 
inches of the patient's eye, and see the details 
perfectly clearly. [With an emmetropic eye the 
convex lens would render the return rays conver- 
gent, and consequently details would be blurred.] 

The strongest glass (subtracting the distance 
between the eyes) with which we can see details 
clearly is approximately the one required to correct 
the hypermetropia. 

With the indirect examination the image is 
increased by approaching the objective to the 
patient's eye, and vice versa} 

* Over-sighted or hypermetropic persons are not so easily 
detected for practice as myopic. They may generally be 
known by complaining of uneasiness or pain after reading, 
sewing, etc., by slightly imperfect sight for distant objects, 
imperfect or difficult vision for minute objects held close to 
the eye, and by improvement resulting from convex glasses. 
A young woman who likes to see in her mother's spectacles, 
and can see through them at a distance, is a safe subject. 
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88 REFRACTION OF THE EYE. 

Two errors of refraction due to faulty curvature 
of the cornea require a brief notice. 

1. Conical Cornea. — ^The cornea may lose its 
normal curvature, and become more or less point- 
ed in the centre, so that, viewed in profile, it 
appears somewhat conical. I say " somewhat," as 
the term requires as much indulgence as the 
"triangle" and "square" of anatomical descrip- 
tions. The sides of the cone are, as might be 
expected, curved, and the apex is generally blunt. 

Extreme degrees are easily recognized with 
the naked eye by the glittering appearance of the 
cornea and the visible projection of its central 
portion, but slighter degrees can only be diag- 
nosed by the aid of the ophthalmoscope. With 
the mirror alone two facts may generally be 
noted: (a) The corneal reflex is distorted, and 
changes its shape when the patient moves his 
eye ; (6) An ill-defined shadow is seen at the base 
of the cone on the side opposite to the direction 
whence the light proceeds. It is only seen in 
this and the following aflfection, and is easily 
overlooked. With the objective the disk appears 
distorted and the vessels strangely curved. The 
general appearance of the disk is heart- or flame- 
shaped, with the apex towards the apex of the 
cone. You will remember in the normal eye the 
image follows the movement of the lens if shifted 
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slightly from side to side, but no important 
change of shape occurs. But upon executing this 
manoeuvre with a conical cornea the disk is s^en 
to undergo the most violent changes of shape. 
The eye is, morever, highly myopic, but no con- 
cave eye-piece will enable you to see the disk 
clearly in the erect image. 

2. Astigmatism. — If you look at yourself in the 
back of a spoon, you note that your face is much 
altered, according to the direction in which you 
hold the bowl — if vertically, you appear prepos- 
terously long-faced ; if horizontally, your cheeks 
are widely expanded. This is due to the fact 
that the long diameter of the spoon has a greater 
radius of curvature than the transverse, and the 
focal lengths of the curves consequently difter in 
proportion {v. Reflection from Curved Surfaces, 
p. 18). A normal cornea may be regarded as the 
segment of a transparent globe, but an astigmatic 
cornea as the segment of a transparent spoon. 
Now if we suppose the transverse curvature of 
such a cornea to be of the radius required (plus 
the other dioptric media) to bring parallel rays to 
a focus exactly on the retina, it is obvious that if 
the vertical curvature be of a shorter radius {i. e., 
more convex), the refractive power of the eye 
could be increased in that direction, and parallel 

8* 
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rays could be brought to a focus in front of the 
retina. 

Jn other words, such an eye would be emme- 
tropic in a transverse direction, and myopic in 
the vertical. Or the curvature of the faulty 
meridian might be less than the normal, and then 
the eye would be emmetropic in the transverse 
and hypermetropic in the vertical direction. 

This constitutes the simplest form of astigma- 
tism. The complete estimation of astigmatism is 
quite beyond a beginner's powers, but you may 
readily learn to recognize its existence with suffi- 
cient precision for all ordinary purposes. 

In the erect image the optic disk appears oval. 
If this be the actual shape of the disk, it will not 
alter as you approach or recede from the eye ; but 
if it be due to unequal curvature, it will change 
its shape according to the distance at which you 
view it. A disk which appears oval with the 
long diameter vertical at two inches, and changes 
to an oval with the long diameter horizontal as 
you recede from the eye, is seen through an 
astigmatic cornea. Of course the change of shape 
varies according to the degree and nature of the 
curvatures, but the fact of a change occurring is 
diagnostic. 

It is obvious that the vertical and horizontal 
vessels cannot be in focus at the same time. If 
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the vertical meridian should be emmetropic, and 
the transverse myopic, the vessels passing up- 
wards and downwards would be blurred in the 
erect image, while those passing horizontally 
would be seen clearly. If in the erect image 
certain vessels are blurred while others can be 
focussed clearly, astigmatism should always be 
suspected. 

In the inverted image the disk can be made 
to vary its shape by moving the objective to and 
fro. 

If the objective is first held exactly at its focal 
distance from the cornea, and gradually moved 
nearer, the optic disk will gradually become more 
and more oval. If the objective be gradually 
moved from the eye, it will become oval in the 
opposite direction when it has passed the focal 
length of the lens. When the lens is within its 
own focal length, the longest diameter of the 
disk corresponds with the meridian of least cur- 
vature ; when it is beyond its own focal length, 
the longest diameter of the disk corresponds with 
the meridian of greatest curvature. 

By the above tests a rough diagnosis of astig- 
matism is by no means diflScult. 
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The Optic Disk. 

In studying the optic disk the following facts 
must be borne in mind : — 

1. The nerve accurately fills the unyielding 
sclerotic opening, and in the event of any swell- 
ing by soakage or cell-proliferation, the ring acts 
as a ligature on the distal extremity of the nerve. 

2. The proper vascular supply of the disk is 
continuous with the intracranial, but anastomoses 
with the choroidal and retinal circulations. 

3. The central artery and vein are not con- 
cerned in the nutrition of the disk, but are 
greatly influenced by the tightness with which 
the nerve tits the sclerotic ring. 

Alterations in color : — 

The disk may be too red or too white. 

The hyperaemic disk is unnaturally red. 

The color varies from pink in slight cases to 
violet in extreme degrees of congestion. It is 
more easy to estimate correctly in dark than fair 
people, as the normal disks of the latter always 
appear in the inverted image pinker than they 
really are. The surface of the hypersemic disk is 
covered with minute red dots, and numerous 
small vessels can be seen radiating towards the 
retina. The sclerotic margin becomes obscured. 

In high degrees of congestion the disk is almost 
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undistinguishable by its color from the surround- 
ing fundus, and its situation has to be made out 
by the convergence of the central vessels. 

The disk is unnaturally white in ansemia and 
atrophy. Some practice is required to distinguish 
the two conditions. 

In anaemia the rest of the fundus is pale, and 
lights up badly. The central vessels are badly 
filled, but their relative size not aftected. The 
surface of the disk not sunken, and the white- 
ness is due to the abstraction of pink alone, so 
that in the erect image the nerve can be distin- 
guished from the porus opticus and sclerotic bor- 
der. Both eyes are equally affected. 

In atrophy the fundus (by contrast) looks even 
redder than normal. The arteries are small, and 
in late stages generally reduced in number, the 
veins in the early stage dilated, in the later 
shrunken, and undistinguishable from the arte- 
ries ; the surface of the disk shelving {v. Atrophic 
Cup) with the margin at first ragged (in the 
variety following inflammation), but afterwards 
sharp and even. The whiteness is due both to 
the abstraction of pink and the transparent gray 
of nerve-substance with the addition of tendinous 
glistening from increased connective tissue, the 
whole resulting in a staring bluish-white, like 
skim-milk. 
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- Alterations in Sarface'Level. 

1. Depressions. — ^By a well-known optical illu- 
sion, a concave disk looks as if it were convex, 
but a little practice enables us readily to place 
the right interpretation on what we see. With a 
binocular instrument things appear in their true 
relations, and the student may advantageously 
assist his judgment in the early part of his 
studies by an occasional peep through one, re- 
membering, however, that for practical work the 
ordinary mirror is alone to be adopted. 

To ascertain whether a space is depressed below 
the general level of the fundus, the vessels must 
be carefully examined. When the vessels pass 
from one level to another, they appear curved, or 
even bent at an angle. If the inclination is 
gradual, the trunk of the vessel can be continu- 
ously traced, but if the alteration of level is 
abrupt, the continuity of the vessel is broken — 
it seems to break off at the edge of the space, 
and then to start afresh at a little distance. 

It is obvious also, that if the portion of the 
vessel on the higher level be accurately focussed, 
that on the lower must be seen more or less 
indistinctly. If you are in doubt whether these 
indistinct portions of vessels are elevated or de- 
pressed, examine their refraction. If depressed, 
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they will lie beyond the principal focus of the 
eye, and will answer the tests for myopia; if 
elevated, they will lie within the principal focus, 
and will answer the tests for hyperraetropia. 
Small trunks form better guides than the larger 
vessels, as they require more accurate focussing, 
and hug the surface more closely. 

Three kinds of depression or excavations of the 
optic disk are to be distinguished. Of these, one 
is a congenital and innocent peculiarity, the 
others are pathological. 

(1) The physiological pit is an exaggeration of 
the porus opticus. It is most frequently round or 
oval, but sometimes irregular in shape, whiter 
than the rest of the surface, and only involving 
a portion of the nerve-surface. It has no precise 
margin, but shelves gradually into the higher 
level. The vessels as they pass over the surface 
of the disk are seen to bend as they approach the 
centre, and in well-marked cases their point of 

entrance is so much out of focus as to be scarcely 
visible. 

Fig. 32 is a rough sketch of the appearances of 
a disk with a physiological depression in its 
centre, showing the mode in which the vessels 
dip down out of focus where the level of the 
nerve becomes depressed. Beneath is a sectional 
view showing the curve of the surface. The 
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outer portions of the disk are seen to be in their 
normal level, and to slope downwards in the 
centre, forming a small conical pit. 

(2) The depression from atrophy extends more 
completely over the whole surface of the disk, 
but is shallow, and the declivity from the edge to 
the centre is a gentle curve. The vessels bend 
in a corresponding degree. The arteries are 
reduced in size, the veins in an early stage 
tortuous and dilated, but in complete atrophy 
greatly diminished in calibre, and undistinguish- 
able from the arteries. 

The color of the surface is bluish-white (skim- 
milk or office-paper), and reflects light strongly. 

Fig. 33 shows the ophthalmoscopic appearances 
fairly well, and the section beneath may be taken 
as fairly representing the gradient of the curve 
in an average case. 

(3) The glaucomatous pit is an excavation caused 
by increased intraocular pressure thrusting the 
nerve backwards through the sclerotic ring. The 
edge is always steep, and sometimes even over- 
hanging. The vessels seem to climb over the 
edge, and disappear suddenly — isolated portions 
of them can be seen towards the centre of the 
disk, dim and out of focus. The surface of the 
disk is variously colored bluish or greenish-gray 
or white. The arteries are small, the veins much 

9 
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enlarged, kuotted or beaded, and exceed 
tortuous. Tlie disk la surrounded by a wliitf 
halo of partially exposed sclerotic. TLe floor of 
the pit can be seen to be considerably below the 
level of tbe fuudus by your moving the objective J 
slightly from side to side. TJie margin of the I 
disk will move in tbe same direction as the lena I 
at a greater rate than the floor of tbe disk, and J 
will present the appearauce of actually moving to I 
and fro over it (p. 74), This is called the gla-Ur I 
comafous paraUax. 

Tig. 34 ehows the sudden twist and abrupt ] 
termination of the vessels at the margin of the j 
disk, with amall portions faintly visible on the \ 
floor of the cup. The steep overhanging walls, 
seen in section, may be contrasted with the J 
gradual shelving in the other excavations, 

2, Elevation of Surface. 

The Swollen Disk. — When you conic to study 
tbis affection in detail, you will probably be 
much confused by the various opinions held as to 
its mechanism and nature, and distracted by the 
diflerent names with which it has been invested. 
But you will find all observers agi-ee in the one ] 
point, that the disk la swollen, and projects for^ 
wards. Bearing in mind how tightly and rigidly 
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the sclerotic ring encircles the optic nerve, you 
are prepared to find that any cause which tends 
to increase the diameter of the portion so encir- 
cled — whether by retardation of the venous flow 
by direct pressure, or the injection of intracranial 
fluid down the coui'se of the nerve, or by active 
cell-proliferation — must cause the distal extremity 
of the nerve to swell up like the top of a cham- 
pagne-cork. It is to this swollen condition you 
must give the closest attention, as it is of great 
importance in the diagnosis of coarse intracranial 
disease. With its pathology we have here no 
concern, but we may practically divide our cases 
of swollen disk into three classes, which diflfer in 
ophthalmoscopic appearances, though agreeing in 
the one common character of elevation. Although 
a cupped disk appears at first sight convex, the 
converse is not true. A swollen disk is not an 
obvious phenomenon, although by a little atten- 
tion to signs it is easy of recognition. 

1. It projects forwards, and can be seen at a 
little distance in the erect image. 

The swelling is made up of new and congested 
bloodvessels, of serum, and of inflammatory pro- 
ducts ; and the apparent sdi'face of the disk is 
therefore advanced, so that its refraction is hyper- 
metropic. 

2. Its diameter is enlarged. 
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I Tbe optic-nerve fibres, aa tliey ntdiate from tlu 

e of the disk, are in&ltrated for some little 

ISiBtuiice Iwyond its margin, and rendered graj 

kod opaqne, so as to look like a contiuoatlou gf 

B oataral sarfaoe of the disk. 

Fig. 33. 




. The margin is woolly 



The infiltration ehadee off witli a fluffy of 
Iwoolly edgo into the unaffected retina. The 
I natural margin of the disk is hidden. 

, The central veins are enlarged, arteries 
I diminished. 

The constriction at the sclerotic ring impedes 
Iboth the ingress and egress of blood. The veins 
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are greatly enlarged, tortuous, and knotted. As 
they pass on to the surface of the disk, they are 
more or less covered by the exudation, sometimes 
completely ; sometimes a bend will appear to dip 
beneath the surface and then reappear again, like 
portions of a line of railings cropping up here 
and there above the surface of a snowdrift. 

The arteries are reduced to mere threads, and 
are seen with difficulty, or not at all. 

A swollen disk is observed in three different 
conditions. 

(A) When the predominant signs are those of 
vascular arrest. 

The projection is very steep on one side, but 
slopes gradually down to the level of the disk on 
the other. The surface has a mossy look, and the 
margin of the disk is fringed with a fluffy gray 
border, which on close inspection can sometimes 
be made out as composed of innumerable small 
vessels and more or less semi-transparent effusion. 
The optic-nerve fibres are swollen and slightly 
opaque, so that they present a faint appearance of 
radiation. The color varies from violet, reddish- 
gray, to a faint dusky-gray scarcely tinged with 
color. Numerous minute red spots are dotted 
over the exudation ; some are loops of distended 
vessels, others small extravasations. 

This condition constitutes the first stage of the 

9* 
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optic neuritis consequent upon tumors, etc., of 
the encephalon. It is frequently referred to under 
the names " Stauuings papille," choked disk, or 
ischaemia papillae. 

(B) When the predominant signs are those of 
cell-proliferation. 

The swelling of the disk is more uniform, and 
there is no steep, one-sided projection. The sur- 
face is less velvety, but has a more solid appear- 
ance, and presents less signs of undue vascularity. 
The exudation extends further beyond the margin 
than in the choked disk, and is far more opaque, 
hiding all subjacent details. The color is less 
inclined towards red, and more a dirty gray, or 
the " stone-color" of house-painters. The central 
vessels are more completely concealed. This con- 
dition constitutes optic neuritis proper. 

(C) When atrophy of the optic nerve has com* 
menced, but the products of inflammation are 
not yet absorbed. 

As the neuritis subsides, all signs of vascularity 
disappear, and the strangled nerve undergoes 
atrophic changes. But a quantity of exudation 
remains and presents a prominent, irregular sur- 
face to view. The color is intensely white, with 
a gray border. The veins are still enlarged and 
contorted, the arteries seen with difficulty, or not 
at all. 
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This constitutes the declining stage of optic 
neuritis. 

The Margins of the Disk, 

You have already learned its normal contour 
and made yourself familiar with the aspect of the 
choroidal edge and thin white sclerotic border. 
Sometimes the choroidal opening is dispropor- 
tionately large, and the nerve is seen surrounded 
by a wider strip of white than usual. As the 
disk in these cases is not placed centrically in the 
opening, the band is broader on one side than the 
other, and presents the form of a sickle-shaped or 
crescentic patch of white. This, it must be re- 
membered, is merely a structural peculiarity, and 
should be carefully distinguished from the patho- 
logical crescent found in cases of myopia. 

A. crescentic patch of black pigment is fre- 
quently seen at the margin of the choroidal 
opening in perfectly healthy eyes. 

But the normal elements of the margin may 
be obscured, and the junction of the disk with 
the rest of the fundus appear blurred or " woolly." 
The edge is rendered especially woolly by exuda- 
tion or infiltration of the optic-nerve fibres by 
fluid in neuritis or swollen disk, and the margin 
in these cases is seen to extend beyond its normal 
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dimensions, and to shade off softly like the edge 
of a cloud into the red of the surrounding fundus. 

Conversely, the sharpness of the margin is also 
impaired (but in a less degree) by infiltration of 
the retina or choroid in the immediate neighbor- 
hood of the disk. In intraocular pressure (glau- 
coma), the disk is surrounded by a narrow white 
halo of sclerotic, partially exposed by thinning of 
the choroid. 

The margin may be irregular, jagged, and 
dotted here and there with white spots or small 
collections of pigment. This occurs after the 
disk has been swollen and is commencing to 
atrophy, the products of inflammation not yet 
being absorbed. When the atrophy is complete 
(or when it has not been preceded by neuritis), 
the margin is clear and even. 

White patches may be seen at the margin of 
the disk extending in various directions over the 
fundus. 

1. Opaque Nerve Fibres. — In ordinary cases the 
neurilemma of the optic nerve ceases at the lamina 
cribrosa^ and the transparent tubules are alone 
continued into the retina. But occasionally some 
of the fibres retain their sheaths, and a number 
of them together present the appearance of a white 
patch which hides the subjacent choroid. These 
patches are very various in shape, but are gene- 
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rally either long and narrow like a tongue, or fan- 
shaped, radiating outwards from the disk. The 
borders are clean, and distinct from the adjacent 
retina, which is perfectly transparent. The peri- 
pheral extremity has a frayed appearance, owing 
to the different lengths of the opaque fibres, and 
the surface of the patch (closely viewed in the 
erect image) is markedly striated. Some of the 
retinal vessels may be seen crossing the surface of 
the patch, but others will be observed emerging 
from beneath it. This shows the opacity to be in 
the inner layer of the retina, and enables it 
readily to be distinguished from a white patch of 
sclerotic seen through an atrophied space in the 
choroid. 

The malformation is congenital and innocent, 
but the student must be aware of its existence, 
as, though by no means common, it is liable to 
be mistaken for a pathological product, and the 
unfortunate patient subjected to an energetic 
course of treatment and much restriction.^ 

' In the rabbit a certain proportion of fibres are normally 
opaque, and radiate in four directions from the disk in the 
form of a Maltese cross. The student should carefully study 
the condition in one of these animals, who, by the way, sub- 
mit with more philosophy to an ophthalmoscopic examination 
than many human beings. 
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2. Liflamynatory exudation. — The retina is not 
unfrequently rendered opaque by exudation in 
the immediate vicinity of the disk. The opacity 
may vary from a slight cloudiness to a pro- 
nounced white. The edges of the patch are 
almost always bordered by a thin line of cloudj- 
retina; the surface is not striated, the shape 
irregular, and the retinal vessels are covered or 
pushed on one side. 

3. Atrophy of the Choroid. — In the majority 
of pronouncedly myopic eyes the choroid is 
atrophied on the outer side (real) of the disk, 
and a patch of sclerotic is visible through the 
opening. The opening varies from a small 
crescent (scarcely larger than the malformation 
already noted) to an irregular-shaped patch, 
which in extreme cases may entirely surround 
the disk, though its greatest width is always 
on the outer side, extending sometimes as far 
as the yellow spot. The surface of the patch 
is brilliantly white, and the disk by contrast 
appears pink. The retinal vessels pass over the 
surface, and are seen with unusual distinctness. 
There is no appearance of striation nor ohscura- 
tion of vessels, as in the two previous affections. 

In pronounced cases the optic disk loses its 
circular form, and becomes oval or irregularly 
pear-shaped. The sclerotic, in addition to heing 
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exposed, is thinned, and bulges backwards. The 
surface of the patch is therefore beyond the focal 
length of the eyeballs, and details are well seen 
inverted at a distance with the mirror alone. 
The edge of the choroid must be carefully ex- 
amined. If the edge is sharp and distinct, and 
merely marked by an increased deposit of pig- 
ment, the mischief is stationary. But frequently 
the adjacent choroid will be found to be thinned 
irregularly, to be dotted with small spaces 
through which the white gleam of the sclerotic 
is dimly visible, and small collections of granular 
pigment. Great care is required to detect these 
changes, which are indicative of still progressing 
mischief. 

In distinguishing the foregoing conditions from 
one another, the student will find the following 
facts useful. 

The myopic crescent is very common, exudation 
much less frequent, and opaque nerve-fibres rare. 
The vessels are unusually distinct in the cres- 
cent, but some will be altogether covered or 
obscured in the other conditions. The crescent 
extends most towards the yellow spot, the opaque 
fibres least towards it; exudation in any direc- 
tion, but with a preference for the line of the 
large vessels. The surface of the crescent is 
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brilliant white, of exudation faintly yellow or 
gray, of nerve-fibres striated. 

The Vessels. — ^Venous pulsation is noticed in 
many eyes as a normal phenomenon, and can be 
produced in all by gentle pressure on the globe. 

Arterial pulsation is never seen except in dis- 
ease, and very seldom then. 

When present in either vessel, it should not be 
lightly regarded, but the eye should be carefully 
examined for other signs of glaucoma. 

The ingress and egress of blood are prevented 
either by tightening of the optic nerve in the 
sclerotic ring, or by direct pressure on the centre 
of the disk. 

The veins are therefore enlarged, knotted, and 
tortuous in neuritis (swollen disk), and in glau- 
coma (intra-ocular pressure) the arteries at the 
same time are relatively and actually diminished 
in calibre, and straitened. 

The veins remain enlarged in the early stage 
of atrophy following neuritis; but when the 
change is complete, both arteries and veins are 
much reduced in size. 

Both vessels are reduced from the beginning in 
primary atrophy of the disk, and in atrophy of 
the retina. In the absence of the signs of mischief 
at the disk, enlarged tortuous veins, with rela- 
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tively small arteries, are indicative of retinal 
hyperaemia. 

The central artery may be plugged by a clot. 

N'o arteries are visible, or thej" can be dimly 
traced as slender gray lines on the surface of 
the retina. Coagula may perhaps be seen lying 
in some of the larger vessels, like the short 
column of mercury used as the register in a ther- 
mometer. 

The veins are thin, and become less as they 
approach the disk. A peculiar undulatory move- 
ment, differing from pulsation, has been observed 
in recent cases, and on the restoration of circula- 
tion. 

The Retina. 

The signs of disease in the retina are — 

Opacities. 
Hemorrhages. 
Pigmentation. 
Detachment. 
1. Opacities vary from {a) slight films, just 
rendering the affected portions of the retina more 
than usually visible, like a thin layer of milk- 
arrowroot spread over the fundus, to {b) glaring 
white opaque patches absolutely hiding all be- 
neath them. 

Haziness of the retina, due to slight infiltration 
10 



110 THE RETINA. 

accompanying hypersemia or early inflammatory 
action, is recognized by impairment of the full 
red glow of the choroid. This is not easily de- 
scribed, except as what a painter would term a 
" chalkiness" in the red. It may easily escape 
observation in the indirect examination, or with 
too powerful illumination. If, therefore, in ex- 
amining an eye you do not perceive any obvious 
signs of disease, never rest satisfied that the retina 
is unaffected till you have explored it by the 
direct method, with a feeble illumination. Care 
is required to discriminate between haziness in 
the retina and that due to slight turbidity of lens 
or vitreous. 

The condition of the lens is ascertained by the 
oblique illumination. 

A diffuse haziness in the vitreous is generally 
uniform in distribution, and the reflex appears 
equally cloudy in whatever direction the eye is 
turned ; but you will almost always be able to 
make out certain parts of the retina to be more 
affected than others by catefully scrutinizing the 
edges of the bloodvessels. In looking through a 
foggy vitreous, the amount of blurring is equal 
for vessels of equal size everywhere, and the 
obscurity will extend to the outlines of the ves- 
sels crossing the disk, as well as to those on the 
fundus ; whereas in retinal haziness some vessels 
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may be still focussed sharply, especially over the 
disk. As a rule, the periphery is the clearest 
part of the retina. 

When the region surrounding the yellow spot 
is aftected, a peculiar appearance is observed. As 
the macula is considerably thinner than the rest 
of the retina, it does not obscure the choroidal 
reflex in an equal degree, and consequently in the 
centre of the pinkish-gray or whitish opacity is 
seen a small crimson spot. This is likely to be 
mistaken for a hemorrhage. 

Bear in mind that opacities of lens, vitreous, 
and retina not unfrequently coexist. 

The denser opacities consist of inflammatory 
deposits, sclerosis, fatty degeneration, etc. They 
appear as bufl^*, gray, or white patches, more or 
less opaque, varying in size from very minute 
discrete dots to broad masses, covering the greater 
part of the fundus. 

The position of these deposits may be estimated 
by tracing the bloodvessels in their vicinity. Tf 
in the inner layers of the retina, the vessels will 
be pushed on one side, obscured, or altogether 
hidden ; if in the outer, the vessels will be seen 
passing over the surface without alteration in 
their course or clearness. 

The regions principally aiFected by deposits are 
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in the neighborhood of the disk, the yellow spot, 
and the periphery of the equator. 

2. Hemorrhages appear as well-defined red 
patches many degrees darker than the general 
hue of the fundus. 

Recent spots nre bright red. In a little time 
they become darker, passing into a dull brown. 
Ultimately they are decolorized, and remain as 
yellowish-gray patches ; or they may be altogether 
absorbed, leaving no mark of their presence ex- 
cept a slight opacity of the retina. 

Large hemorrhages may escape forwards into 
the vitreous, obscuring the fundus, or, less exten- 
sive, may lie between the hyaloid membrane and 
the retina, as circular or dumb-bell shaped patches. 
Or they may escape backwards between retina and 
choroid, when they appear as variously-shaped 
patches, obscuring the details of the choroid, 
whilst the retina and any large vessels may be 
traced over the clot. The retina is of course 
detached. 

In the layer of optic-nerve fibres hemorrhages 
appear as fine linear streaks. 

In some forms of retinitis {e. ^., that occurring 
in Bright's disease or diabetes) hemorrhages are 
commonly seen mingled with the retinal opacities. 
They are for the most part irregularly-8hai)ed 
splotches, and are generally in the immediate 
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neighborhood of larger or mediura-sized vessels. 
In other forms the clots appear as small dots, and 
no connection can be traced between them and 
any vessel. 

The only object that can possibly be mistaken 
for a recent hemorrhage is the macula lutea sur- 
rounded by infiltrated retina (v. Opacities). 

3. Pigmentation. — Under certain conditions pig- 
ment is deposited in the retina in the form of 
minute dots. The distribution follows the course 
of the smaller vessels. By coalescence black or 
dark-brown spots are formed. These are indi- 
vidually small in size, but very numerous, and 
generally grouped close together. A number of 
filiform processes radiate from each spot, render- 
ing it in general form very like a bone-corpuscle 
or a spider. As the aflfection progresses, the 
"legs" become longer and anastomose, so that 
the spaces between the main deposits are filled 
with a fine black network. 

The earliest appearance of this condition is at 
the extreme periphery of the retina, but in 
advanced cases the neighborhood of the optic 
disk also becomes affected. 

Compare Choroidal Pigmentation, p. 116. 

4. Detachment. — Extensive detachment of the 
retina is easily seen and recognized. As you are 
examining the condition of the vitreous, and the 

10^ 
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patient moving his eye in various directions, the 
red glow of the fundus is suddenly interrupted 
by a dark shadow. Closer examination shows 
this to be caused by a gray substance which has 
floated, partly or entirely, across the area of the 
pupil. This can be seen by the mirror alone (at 
six or eight inches from the eye) lying consider- 
ably in front of the normal fundus, and generally 
in the lower half (real). The surface is in folds 
or undulations, which change their shape with 
every movement of the eyeball. 

With a little care the retinal vessels can always 
be made out on the surface. They have lost their 
characteristic tubular appearance and transpa- 
rency, and appear as dark-red or dull-brownish 
flat streaks, like lines drawn on the membrane in 
bad red ink. They follow the contours of the 
folds, and undulate with the movement of the 
retina. If the detachment is small enouffh to 
allow the junction with the unaffected retina to 
be seen, these dark lines may be traced as the 
continuation of vessels proceeding from the optic 
disk, and in all cases you should attempt to do so. 
In a very extensive detachment the loose mem- 
brane flaps to and fro in the vitreous, and hides 
the optic disk, so that it is impossible to follow 
the vessel. 

Smaller detachments are only seen when ex- 
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aminiug the details of the fundus. They appear 
as small " puckerings" or " rucks" of the retina 
of a silvery or pearly gray color. At first sight 
these might be mistaken for exudations, but with 
a little care you can make out you are looking at 
a fold, and not at a solid opaque patch. Look 
with extreme care at the vessels crossing the 
patch. They will be seen to be unduly tortuous 
at that part of their course, dark in color, and 
flat, whereas the same vessels passing over the 
sound portion of the retina present their natural 
tubular appearance. 

The retina at the edges of a detachment is 
always slightly opaque. 

The Choroid. 

The chief signs of disease in the choroid are — 

Changes in color. 

Changes in pigmentation. 

Patches of exudation. 

Atrophic spaces. 
1. Changes in color are extremely difficult to 
recognize without great practice. Hypersemia or 
slight inflammatory action, accompanied by serous 
inflltration, impairs the transparency of the cho- 
roid, and renders the red turbid or dirty. Less 
fluid exudation gives rise to a bluish tint or a 
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pale gray, like the color of a cigar ash. This may 
either be collected in one or two patches, or spread 
generally over the fundus. Assistance in recog- 
nizing the quality of the tint is afforded by the 
retinal vessels, which stand out in greater contrast 
in proportion to the grayness of the fundus. 

2. Changes in Pigmentation. — In old people the 
layer of hexagonal cells undergoes atrophy, and 
the pigmentation of the deeper layer of the choroid 
can be seen with unusual distinctness. You will 
be prevented from mistaking these natural mark- 
ings for the effects of proliferation by having 
carefully studied the shapes of the pigmented 
spaces in the different regions of the normal 
fundus. 

Almost all changes in the choroid give rise to 
deposition of pigment. 

It appears as irregularly-shaped splotches, dark 
brown or black in color, so that the fundus seems 
to be scattered with groups of ink-blots or cinders, 
some large, some small. These are very con- 
spicuous, and cannot escape observation. They 
are easily distinguished from retinal pigmenta- 
tion by their deep solid color, their irregular 
shape, and by their deeper position, which is fre- 
quently indicated by retinal vessels being seen to 
pass clearly in front of them. 
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3. Patches of Exudation. — Inflammatory deposits 
in the choroid resemble similar conditions as 
observed in the iris. They appear as irregularly- 
shaped, ill-defined spots, varying in color from a 
dull yellow to ash gray. They are distinguishable 
from retinal deposits by being less clearly seen 
by pigment changes in their immediate neighbor- 
hood, and by their greater depth. 

4. Atrophied spaces are the too frequent result 
of choroidal mischief. They appear as brilliant 
white patches of all possible shapes and sizes. 
They are distinguishable from retinal opacities by 
their sharply-defined borders, by being surrounded 
by irregular pigmentation, and by the vivid 
sharpness with which any retinal vessels which 
happen to cross may be seen. 

The following table of some common appear- 
ances may be found useful in early examina- 
tions : — 

Disk. 

Surface depressed — 

Physiological pit f congenital). 
Atrophic (nerve-shrinking). 
Glaucomatous (intra-ocular pressure). 

Surface elevated — 

''Choked disk*' or ''neuritis.'' 

Color- 
Red — Hyperemia. 
White — Anaemia. 
Atrophy. 
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Margin obscured — 

Hypersemia of disk, retina, or choroid. 
"Woolly''— Neuritis. 

White patch in vicinity of disk — 

Enlarged choroidal aperture (congenital). 
Myopic crescent. 
Opaque nerve-fibres. 
Retinal exudation. 

Vessels. 

Veins enlarged— Neuritis. 

Glaucoma. 
Retinal hypersemia. 
Consecutive atrophy (early). 

Veins diminished — Atrophy of disk (either primary or 

complete consecutive). 
Atrophy of retina. 
Embolism. 

Arteries diminished — Neuritis. 

Atrophy (all stages) . 
Embolism. 

Fundus. 

Reflex hazy or milky — Retinitis. 

Turbid vitreous (hyalitis, etc.). 
Turbid lens (early cataract). 
Diff*usc nebulae of cornea. 

White or light-colored patches — 
Spaces of atrophied choroid. 

Exudation (fatty degeneration, sclerosis, ]ymph, etc.); 
Blood-clots decolorized. 
Detached retina. 
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Dark patches — 

Brown or black (stellate or spider-shaped) — retinal 

pigment. 
Blotty — choroidal pigment- 
Red (irregular, linear, dumb-bell, flame-shaped, cir- 
cular) — recent hemorrhages. 
Yellow spot surrounded by hazy retina. 

Conclusion: — You have been occupied hitherto 
in learning the individual structures, and the 
general aspect of the changes indicative of dis- 
ease in each. You have studied the disk, or the 
retina, or the choroid separately, and for its own 
sake, without reference to its relationships. You 
have simply attempted to acquire the power of 
determining the actual condition of each structure 
without help from rational symptoms, or consider- 
ation of the concomitant changes in other parts of 
the eyeball. This is the first step. 

You have now to proceed to study the changes 
wrought by diseased action more in detail, and to 
learn the significance of them in association. As 
it were, you have learned the shapes of your 
letters, and you have now to understand their 
combined powers of forming words. You pass 
from the appreciation of single symptoms in their 
simplest aspect to their variation under different 
conditions, and their significance, not as isolated 
facts, but as membei'S of a group. For instruction 
in the diagnostic and setiological value of symp- 



120 THE CHOROID. 

• 

toms, and for detailed accounts of actual diseases, 
I commend you to the guidance of other teachers, 
some of whom are here enumerated. 

Authorities. — The plan of this little book pre- 
cluded the advisability of marginal references, 
6ven were it possible to state with accuracy the 
source whence elementary facts were originally 
derived. But I desire to express my indebtedness 
to the following writers, to whom the student is 
referred for further information in ophthalmo- 
scopy : — 

Albutt, T. Clifford. The Ophthalmoscope in Diseases of the 

Nervous System, etc. 1871. 
Bader, Charles. Natural and Morbid Clianges of the Human 

Eye. 1868. 
Carter, Brudenel. Annotated Translation of Zander on the 

Ophthalmoscope. 1864. 
Hulke, J. W. The Ophthalmoscope. 1861. 
Hutchinson, Jonathan. Royal Ophthalmic and London 

Hospital Reports, etc., passim. 
Jackson, Hughlings. Medical Times and Gazette, etc., 

passim. 
Macnamara, C. Manual of Diseases of the Eye. 1872. 
Von Carion, C. Stelwag. Treatise (Amer. trans.). 1868. 
Wells, Soelberg. Treatise. 1869. (New edition since.) 
Wecker, L. de, and Jaeger, E. de. Traite des Maladies du 

Fond de PCEil et Atlas d' Ophthalmoscopic. 1870. 

THE END. 
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A PRAOTICALTREATISE ON THE DIAGNOSIS ANDTREAT 

MENT OF DISEASES OP THE HEART. Saoond odition, snlarged 
la one neat 8>o. vol. of over 500 pages. £4 00. 

ON PHTHISIS : ITS MORBID ANATOMY, ETIOLOGY, etc, 

in a series of Clisioal Leotureg. A new Kork, In one baudsome Sro. 
volume. Clolh, |3 60. (J«il iiiiied.) 

A MANUAL OF PERCUSSION AND ADSCULTATION ; of Ih* 

Physical Diagnosis of Diseases of the Lungs and Heart, and of Tho- 
' ' ' e handsome lojal 12aio. volume. Cloth, 
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it 12mo. rgtume. Cloth, SI SB. 
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ALYBIS. Prom tho Bfth Eng. ed. In one I2m( 

eLUBE reOTTLIEB). ATLAS OF PATHOLOGICAL HISTOLOGY. 
Translated by Joseph Leidy, M.D., Professor of Anatomy in the 
University of Fennsylvsnia, Ac. In one vol. imperial quarlo, with 

GEEEHfT, HENRY), AN INTRODUCTION TO PATHOLOGY AND ' 
MORBID ANATOMY. Second Amer,, from the third Lond. Ed. 



n.EA'y (HENRY). 



.h 402 la 



Cloth, $R{ leather, ST. (Laiilg issued.) 

GEIPFITH [ROBEBT E.) A UNIVERSAL FORMULARY, CON- 
TAINING THE METHODS OF PREPARING AND ADMINISTBE- 
IHG OFFICINAL AND OTHER MEDICINES. Third and Boiarged 
edition. Edited bjr John M. Maisch, In one large Hvo. vol of BOO 
pagej, double oolumnp- Cloth, %i 60 ; leather. $5 50, 



I HENRy C. LEA'S PUBLICATIONS. 

GBOSB (SAMUEL D.) A 8T8TEM OF SDROERT. PATHOLOGICAL, I 
DIAGNOSTIC, THERAPGDTIC. AND OPERATIVE. IllnBtralw" ^ 
bj 1403 engrHTinga. Fifth edition, revisBil snd improTBd. In tin 
large imperial Bvo. Tola, of over 2200 pages, Btrongl; bound ii 
inde, $lb. 

A PRACTICAL TREATISE ON THE DIS- 

Malfuroiatione of the UrinarT Bladder, the Fros- 

Uretbrft. Third Edition, 'thoroughly Revised 



nuOBS (SAHITEL S. 



e aiind, I 



and Cnudensed, b; Samuel W. Qrosa, M.D., Burgeon to the Philt 
delphiii TIOBpitnl, In one handiome ootuvo lolume. with about twa 
bandred illustralions. Cloth, ti 60. (Jiiil iii,,td.) 

A PRACTICAL TREATISE ON FOREIGK BODIES IN THB 

AIR PASSAGES. In one Svo. vol. of 468 pages. Cloth, t2 lb. 

GIBSON'S IN8TITCTES AND PRACTICE OF SURGERY. In two Sro. 
rola. of ubont IDDO pages, leather, $0 SO. 
G0S8EIIH (1 ) CLINICAL LECTURES ON BDROBRY, Deiivered 
at the Uospital of Lb Cbarita Translated from the French b; Lewia 
A. Stimion. M-D., Surgeon to the Presbyterian Hospital. New York. 
With illostralions. (Piibliihing i„ thi Medical Ntvii and lAbraTU. 
/or 1878-7.) 



HUD80K (A.) I 
8vo., 310 pages 

ff 



LECTURES ON THB STUDY OP PEVBR. 



ClQtl 



$2 61 



EATH (CHKI8T0PHEB). PRACTICAL ANATOMY ; . 
OF DISSECTIONS. With addition", by W. W. Keen, 
vuluioe; with 24T illustratioua. Cloth, S3 SO; leather. 
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HAETSHOENE (HEHBY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Foarth and revised edition. 
InoDel2ma.vol. Cloth, t3S3; halfbaund, S2SS. [Lattly imud ) 

CONSPECTUS OF TUB MEDICAL SCIENCES. Oompriiing 

Manuals of Anatomy, Phyeiologj, Chemialry, Materia Medioi. Pr»e- 
tioe of Medioine, Surgery, and Obutetrios. Seoond Edition. In una 
royal IZmo. volume of over lUUO pages, Kith 417 illustrations. 
Strongly bound in leather, %b UU; cloth, %t2i. {l^ttly iituid.) 

A HANDBOOK OP ANATOMY AND PUTBIOLOQY. In one 

neat royal I2n)0. rulume, with many illuatrations. Cloth, $1 7t. 

HAMILTOM (PaAHX H.) A PRACTICAL TREATISE ON FRAC. , 
TURES AND DISLOCATIONS. Fifth edition, carefnlly revisML 1 
In one handnome Svo. vol. of 830 pages, with S44 illustrations. Clotb, ] 
tb ^!> ; leather, <3 T5. {Jiiu Utiud.) 

EOLMEa (TIIIOTHY), BDROERY, ITS PRINCIPLES AND PRAO. 
TlOli. InonehandsoBie Svo. volume of IIIOO pages, with 411 IIIdc 
trations. Cloth. $6 ; leather, with raiaed bands, $7. (Ju« riadf.) 
OBLIN (BICHARD D.) A DICTIONARY OF THB TERMS USED 
IN MEDICINE AND THE COLLATERAL SCIENCES. In on* 
I2iDo. volume, of over 900 doable- columned pages. Cloth, $1 60: 
leather, %1. 

[IDGE {HTTGH L.) ON DISEASES PECULIAR TO WOMEN, IN- 
CLUDING DISPLACEMENTS OF THE DTEHU8. Seiaod and 
revised edition. In one Svo. volume. Cloth, $4 60. 

THB PRINCIPLES AND PRACTICE OF OBSTETRICS. IIIub 

Irated with large lilhographio plates containing 160 figures triim 
original photographs, and with numerous wood-outs. In one large 
quarto vol. of Jifl doub la-columned pages. Strongly bound in «lolb, ■ 
$U. ■ 
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HENRY C. LEA'S PUBLICATIONS. 

aOLlAHD [SIR HEHEY). MEDICAL NOTES AND REFLECTIONS. 
From the third English edition. In one 8vo. vol. of nbouC fiOO pa 
Clotb, $3 50. 



HUGHEB. SCRIPT ORE GEOQB 
oulured mape. In 1 vol. nma. 
HORHEE (WILLIAH E.) SPECIAL ANATOMY AND HESTOLOHY. 
Eighth miitlon, reviBSd ond inodiflod. In two largo Svo. vols, of ovar 



SILLIES (THOMAS). HAND-BOOK OF S 
Edition. In one neat rojul ISma. volume 
plates. Cloth, $2 25 

HALL (MRS. M.) LIVES OF THE QOEENS OF ENGLAND ! 
THE NORMAN CONQDEBT. In one handeomB 8vo. vol. 
(2 25; ontDEOa oluCh, t2 90 ; halfmoTooco. $». 

JONES (C, HABDFIELD). CLTNIQAL OBSERVATIONS ON FUNC- 
TIONAL NERVOUS DISORDERS. Seoon- " " "■■■ 
one 8vo. vol. of 348 pngea. Cloth, $3 25. 
ITISEEE (WILLIAM 9EFH0U8E). A MANUAL OF PHYSIOLOOY. 
iL A nen Americun. from the eighth London edition. One vol., nith 
man; iilua., 12nio. Cloth, $3 25 ; leather, $3 75. 

KNAPP {F.| TECHNOLOGY; OK CHEMISTKY, APPLIED TO THB 
ARTS AND TO MANUFACTURES, with Amerioan additions, by 
Prof. Walter R. Johnjon. In two Bvo. vols.,withSOOill. Cloth, tfl- 

KEmrEDY'S MEMOIRS OF THE LIFE OF WILLIAM WIRT, 
two vols. 12nio. Cloth, 12. 
LEA(aENKYC.j SUPERSTITION AND FORCE; ESSAYS ON THB 
WAQER OF LAW, THE WAGER OF BATTLE, THE ORDEAL, 
AND TORTURE. Second edition, revised. In one hiindBome ro' 
I£mo. vol., S2 75. 

STUDIES IN CHURCH HISTORY. The Rise of the Tempo 

Power— Benoflt of Clergj— Bieamuiunicalion, In one handso 
12mii. vol. of 515 pp. Cloth, £2 75. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 

IN THE CHRISTIAN CHUBCU. In one bandBome octavo yolu 
of 802 pages. Cloth, *:) 75. 

LA ROCHE (R.) YELLOW FEVER. In two 8vo. vol*, ofnearlj 1600 
pageB. Cloth, S7. 

Cloth, $3. 

,_ _ . iCondenaBdMan. 

Jj unl of Medical Eleolricitj. In one neat royal ]2nio. tolame, with 
illuatrationa, Clotb, $1 50. (Just inntd.) 

LEISHU&ir (WILLIAM). A SYSTEM OF MIDWIFERY. Tnolud- 
inj; Che DiaeaaeB of PrCEnanc; and the Puerperal State. Second 
Ameri.mn, from the Second English Edition. With additions, bj 
J. S. Purrj, M.D. In oiie verjbandsnme 8vd. vol. otSOO pagel and 
!00 illUBtralions. Cloth, £5 ; Irotber. {S. {Jutl iuutd .) 
rAUBENCE (J. Z,) AND MOOS (BOBEBT C.) A HANDY -BOOK 
Lt OF OPHTHALMIC SURGERY. Seoond edition, revised bj Mr. ,' 
LaareDoa. With numeToua illnB. In aiia &ia. nq\. i^\u'Cn.\'l.-\^. | 



8 HENRY C. LEA'9 PUBLlCATIONa. 

LEHUANV (C. e,) FHYSIOLOSIOAL CHEMISTRY. Trsnalated b; 
<ii!orge e. Day. M. D. With plutei, &nd Dearly 2DD illiiiil.rationa. 
In two large Bvo. vols., contttining I20« pagas. Cloth, $0. 

A MANUAL OP CHEMICAL PHYSIOLOGY. In one very 

hiiiKlaame Sva. vol. of 336 pngea. Cloth, (2 23. 

LAWSOM (GEOaOE). INJORIES OP THE EYE, ORBIT, AND EYE- 
LCDS, nith about 100 illnttratioos. From the loat Eagliah edition. 
In nne handaoma 8to. toI. Cloth, (3 50. 

LDDLOW (J. t.) A MANCAL OP EXAMINATIONS UPON ANA- 
TOMY, PHYSIOLOflY. SOROERY, PRACTICE OF MEDICINE, 
OBSTETRICS. MATERIA MEDICA, CHEMISTRY. PHARMACY, 
AND THERAPEUTICS. To which U added a Medioal Pormnlnry. 
Third edition. In ana rojul ISmo. 'o\. of ovar 800 pages. Cloth, 
t3 2S; leather, t3 75. 

LTHCH (W, F.l A NARRATIVE OP THE UNITED STATES EX- 
PEDITION TO THE DEAD SEA AND RIVER JORDAN. In one 
large octavo vol.. with 28 heBulifulplatea and two ma pa. Cloth, $:!. 

Same Work, oondensed edition. One vol. royal 12mo. Cloth, JI, 

T EE (HENRY) ON SYPHILIS. In one 8yo. vol. Cloth, $2 25. 
LEATISE ON FEVER. In ana neat 



LYONS (ROBERT D.) A TREATIS! 
vol. of 302 pagei. Cloth, $2 25. 



'AHSHALL (JOHN). OUTLINES OP PHYSIOLOGY, HUUA: 
■ AND COMPARATIVE. With Additions by PniBc 
M. D.. Profeaaor of (he Institutes of Hedloine in the University of 
Pennsylvania. In one Svo. volame of 1020 pages, with 122 illuslra- 
onglj bound in leather, raised bands, f I 50. Cloth, te 60. 
ACLISE (JOSEPH). SDRQICAL ANATOMY. In on< 
quarto vol., with OB splendid plaCott, beautifully oo 
S too figures, many of them life sixe. Cloth, fll. 
EIGB (CHA8. D). ON THE NATURE, SIGNS, AND TREATMBl 
OF CHILDBED FEVER. In one Svo. vol. of .S65 pages. Cloth, $3, 
PRINCIPLES OF SURGERY, Fourth Americao, 
largo Svo. vol. of 700 
;es. wim iiv iiiosira>.>oDs. Cloth, $3 T5. 
TIIB PRACTICE OF SURUERT. Fourth Amerioan. from the 
( Edinbnrgh edition. In one large Svo. «ol. of TOO pagea. with 
liUuitraliona. Cloth. 93 75. 

AN EXPOSITION OF THE SIGNS AND 

From the second English editioi 

ome Svo. vol. of nearly «U0 pages. Cloth, $3 75. 

PRINCIPLES OP PHYSICS AND METEOROLOGY, 

■ Svo. vol. with 650 wood-cuts, and two colored plalM. 






MILLER (JAMES), PRINCIPLES OF ! 
from the third Edinburgh edition. 



MDLLER (J.) 
In one largi 
Clnth, Ji50. 

lyriEABEAB ; - 



LIFE HISTORY. In 



e ISmo. vol. Cloth, 75 

D ITS DESTINY. In 2 vol*, royal 
.2. 

MARSH (MRS.) A HISTORY OF THE PROTESTANT REFORMA- 
TION IN FR.tNCE. In 2 vols, royal 12nio. Cloth, (2. 
NELIGAN<J. MOOSE). AN ATLAS OF CDTANB0USDISEASK8. Ii> 
one quarto volume, with beautifully colored plalei. Ac. Cloth. $5 bV. 
NEILL (JOHN) AND SMITH (FB&NCIB 0.) COMPENDIUM OF 
THE VARIOUS BRANCHES OF MEDICAL SCIENCE. In on* 
hnndsome l2mo. vol. of about 1000 pngea, with 371 nood-ei 
Clotb, $4 ,' leather, raised bands, $i 15. 
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HENRV C. LEA'S I'tlBLlCATIONS. 



3 USE OF MEDICAL STUDENTS. In one 12uio. -vol. 
of 2G] pp., with T5 iUu^CrntiDDE. Cloth, {2. 
lATFAIS (W. B ) A TREATISE OB TUB eCIENCB AND PRAC- 
TICE OF MIDWIFERY. In ono hnnasgino uctavo tdI. of STfl pp., 
with 16H illuaLratiDDB, and t«D plates. Cloth. (4 i UathBr, f,b. 
I Jail iiHiid.) 

A TREATISE ON THE FUNCTION OF DIQESTIOK, 

"D THEIR TREATMENT, From the second 

London ed. In ..ne Bvo. vol. of lifi pp. Cloth, J2. 

A TREATISE ON FOOD AND DIETETICS, PHySIOLOOI- 

CALLY AND THERAPEUTICALLY CONSIDERED. In on 
Dcturo TOlume of nboal 600 pugca. Cloth. H T5. {Jjul iiaved.) 

PAEBISH (GDVABDl. A TREATISE ON PHARMACY. With 
Form ulffi and PreKcriptioDs. Fourth edhioo. EnlarginJ and thoroDghl^ 

revised by Tbrnnns S. WieBBnd. In one handsome 8vo. vol. 

pDges, Rith 2BD illuB. Cloth, $5 60 ; leather, (6 60. 

PIBKIE (WILLIAM) THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one bandaome octavo volume of 780 pages, vith 310 
illustratiuDB. Cloth, 13 75. 
pEREISA (JOKATHAK). MATERIA MEDICA AND THERAPBU- 
*■ TICS. An abridged edition. With numsrout additloni iini' 

renees to the United Stutes Pbnrmiujopmiu. B; HoruEio C. Wood, 
M. D. In one Urga ooUvo volume, of 1040 pigei, with 238 illnatra- 
IJODB. Cloth, ST nil ; leather, raised banda, tS 00. 

PULSZBT'B MEMOIRS OF AN HUNGARIAN LADY. In one nei 
royal 12mo. vol. Cloth. $1. 
PAOET'S HUNGARY AND TRANSYLVANIA, In two rojnl I2mi 
vols. Cloth. 22. 
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(TEA}. TEE PRINCIPLES OP CHEMISTRY, 
me l!mo. vol Cloth, SI 60. {{Juil iiMtd.) 



Id one very bandgome Srn. vol, of 516 pngea. Cloth, |4 6«. 
-pAMSBOTHAH (FEABCIS B) THE PRINCIPLES AND PRAC- 



aut» in the text, Strongl; bi 

EI6BY (BDWABD). A SYSTEM OF MIDWIFERY. Seoond Ameri. 
van edition. In onehandaome Svo. vol. of 421 pages. Cloth, %1bVi. 
RAHKE'B HISTORY OP THE TLiRKlSU AND SPANISH EMPIHES 
in the 16(h nnd begianing of lllb Century. In one 8vo. volnme. 
paper, 25 cts. 

HISTORY OF THE REFORMATION IN SERMANV. P-tH I., 

11., III. Id one vol. Cloth, tl. 

S CHAFER [EDWARD ALBEB1 ) A COUilSE OF PRACTICAL HIS- 
TOLOQK ■ A Mitnu.il of the Mioroaoope for Medioul Students. In 



HESBY C. LBA-S PCBLICATIOSS. 



SARGEST (T-TT.) 05 BASDASISfl ASB OTHEB OPEBATIOSS 
OP MrXOB erKQEKT. Kew adiimo. <rilb ma odditjonal chapter 
oa UiliUiij Sargerj, In oaa hudmnt mjal lima. toL of nearly 
tM p>K». with IM wimd-eau. Clatk, tl Ta. 

SIOTB (I LEWIS) A TKEATISB ON TBB DISEASES OF IN- 
FANCT and childhood. Third Bditian, nrued (ad M>l>rswi. 
In one Imrge Sto. toLdikb of TI4 p>e<*- *>'!■ iKulIatiou. Cloth, 
tj i Inther, tS. f/tX imA^) 
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n.'^lTtniB. In t<r< 
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ntioiu. Cloth. $e 



SMITH [HEUST &.) AND HOENBB (WILLIAK E.) ANATOMICAL 
ATLAS. Illii.<trBtive>>riheatrai:(areortbegDmiiDBodT. InonaUrKV 
imp«ni] Sra. Tnl., with aboDt 6S0 bcnntifnl fignrei. Cloth, $4 bO. 

SMITH fEDWABDi. COSSrSIPTIOS ; ITS EARLY ASD BBMS- 
DUELE STAGES. lo oob 8.0. rol. of IM pp. Clglb. »2 Si. 
gTItlE (ALFRED). THERAPEUTICS AND MATERIA HEDICA. 
ilargod. In two lntsB Bad haodioBia 



Cloth, tlO; luthir, $12. (JuA uhm/.} 



QTILLS (ALFRED) AND KAISCH (lOHB ■) THE NATIONAL 



DISPENSATORY: Embrutng Iha Cbemirtr;. Bob 
Medio. Phirnuer. PharmatodrnBmisf, mod Therapaai.i 

Pbarmacqpsia* ot the Unked gutai and Qreit Britain. 
U» of PhjiiciUDi and Pti>rraaceDti>Ti. In od« handactme i 

QCHMITZ AND ZDHFT'B CLASSICAL SERIES. In rn<ral ISma. 



CriRSELII NEPOTIS LIBER DE ESCELLENTIBrS DtlCIBQ 
BXTERAKUH OENTIUM, CCM VITI3 CATOSIS ET ATTIQJ 
WilbnoUi,Ac, Pries in doth, SO eenti; hairbonnd, TO ota. 
C, I, C^SARIS COMMENTARII DE BELLO QALLICO. Will 

map. BDd olher niDHraliuna. Cloth. SO etoli-, half boand, TO etoui 



P. VmaiLII HARONIS CARMINA OMSIA. Price In elolb, I 

cisnia; b&lfbDand, $1. 
M. T, CICER0NI8 OBATIONES SELECT* XU. With not. 

Prie* in oJulh, TO oaDts ; half buDnd, 80 cenla. 
KOLon« EX Q. HOEATII FLACCI POEMATIBLS. WUh 

it. Price in elolh, TO Bonis; bairbonod, 80 oenu. 
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HENRY C. LEA'S PUBLICATIONB. 



QWAYHE (JOSEPH GBIFFITHS). 



DBSTETRIC APHORISMS. A 
ei English Bdition, With addi- 
una email 12mo. vol. of 177 pp.. 



SCHOESLEB (FREDERICK) AirDH£DLOCE(n£IIRT). WONDERS . 
OF NATORE. An elemontaiy mtrgauctinn to the Scienoea of PhyeioB, ' 
Astronomj, Chemlat-rj, Mioernlogj, Geologj. Botany, ZoologJ 
and Physiology. Tranalaled from tha Qermao hy II. Medlook. In 
ODH naat Bvo. vol., with 679 illustmions. Cloth, t3. ' 

gTOKES (W.) LECTURES ON FEVER. 



Twelve 



0. vol. Cloth, 13. 
orks) each one 10 



le up in 



LIVES OF THE QUEENS OF HENRY 



MEMOIRS OP ELIZABETH, SECOND QTJBBN REGNANT OF 

ENGLAND AND IRELAND. In onecrown octavo vol., estfnolotli, 
$H0; blLok clolh, Jl 30. 

T4KNEE (THOMAB HAWKES) A MANUAL OF CLINICAL MEDI- J 
CINE AND PHYSICAL DIAGNOSIS. Third American from th« 
BBOnnd retisBd English edition. Edited hy Tilbnry Foi, M. D. In 
ons handjjume 12mD. vulatne of 306 pp. Cloth, $1 SO. 

ON THE SIONS AND DISEASES OF PKEONANOT. Fram 

the seoond EngHeh edition. With four colored plntos and nntneroai 
illUDtriitiuns on wood. In ona Tol. Svo. of about SOO pngaa. Cloth, 
ti S5. 

TnSF. (BARIEL HACK). INPLDENCR OF THE MIND UPON THK , 
BODY. In one hnndsome 8fo. vol. of 416 pp. Cloth, $3 2B. 
TAYLOR (AJJBED S.) MEDICAL JURIS PRUDENCE. Sbti 
Ameriaan edition. Edited hy John J. BBeae, M.D. In one InfM I 
8vo. volume of S79 piigea. Cloth, S5 : lesthai. {6. {Jvsl iiititd.) , 

PRINCIPLES AND PRACTICE OF MEDICAL JDRIBPRU- ' 

DENCE. From the Second English Edition. In two larEe Svo. 
vols. Cloth, $10 ; leather, $12. IfKit issued.) 

ON POISONS IN RELATION TO MEDICINE AND MEDICAL 1 

JURfSPRUDESCE. Third AinerioiLn from the Third London Edi- 
tion. Ivol. Svo. of 768 pages, with 104 iilustrationB. Cloth, J5 SO: 
leitther, $6 50. ( JiiU iiiiiid.) 



e large and b 



olume of 801 



agea. 
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leather, $6 00. 

TDDD (ROBERT BENTLEY), CLINICAL LECTDRES ON CERTAIN 
ACUTE DISEASES. In one vol. Svo. of 320 pp., cloth, $2 fiO, 
THOMPSON (SIR HENRY). CLTHICAL LECTURES ON DISEASES 
OP THE URINARY ORGANS. Second and reviaed edition. In 
one 8vD. volume, with illnat rations. Cloth. (2 26. (J«] 

THE DISEASES OP TOE PROSTATE, THEIR PATHOLOGY 

AND TREATMENT. Fourth edition, reviHad. In one ' 
Bome Svo. vul- of 35^ pp., with 13 platSB. Cloth, %% li. 
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HENRY C. LEA'S PUBLICATIONS. 



THOHFSOR (SIB HEBBYl. TQE PATHOLOGY AND TREATMENT 
OF STRICTURE OF THE URETHRA AND URINARY PISTOLffl, 

ilUptrotiuQs. Cloth, 13 50. 



pagaa. 

Clulh, S3. 

n-ATBON (THOMAS), LECTTIREB OH THE PRINCIPLES AND 

V PRACTICE OP PHYSIC. A now Amerionn fVoni Ihn Bflh ani en- 

Inrgcd English edilion. with eddilloos bj H. Harlfhorne, M.D. To 

two large and handsome oatAVo TolumsB. Cloth, $9 ^ letLther, tU. 

VOHLER'B OUTLINES OF ORGANIC CHEMISTRY. TransUtod 
from the Slh Oermnn edition, h; Im Remaen, M.D. In odb nesC 
l!mo. vol. Cloth, (3 00. {lately itmrd.) 

1 TREATISE ON THE DISEASES OP 
lecond Amerionn, from the Third Engliah edition, »ilb 
ndditioiiB b; I. Minia Uuys, M.D. In one large and handiome ootnvo 
vol., «ith fl colored plates and many wond-outs, also soleoliona from 
the test-ljpBfl of Jaeger and Snellen. Cloth, lb DO ; lealher, t« 00- 

WHAT TO OBBERVE AT THE BEDSIDE AND AFTER DEATll 
IS MEDICAL CASES, In one rnjal 12mo. vol. Cloth. $!. 
i THE DISEASES PEC 
m the Third Englieh edilion. In 
one oclara volume of 650 pflgea. Cloth, %3 75; leather, t* 75. 

LECTURES ON THE DISEASES OP INFANCY AND OUILD- 

HOOD. Fifth Ametiean (rom the sixth revised English edition. In 
one large Svo. vol. of 670 closely printed pages. Cloth, |4 50 ; lea- 
ther, %b SO. {JhH uiudl.t 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. From the London Edition. In one small ISmo. 
volnrae. Cloth, $1. 
TILHAMB (CH*ELES J. B. and C T.) PULMONARY C0N8UMP- 
I TION: ITS NATURE, VAHIETIES, AND TREATMENT. Id 
one neat octavo volume. Cloth, (2 bC. 

K SYSTEM OF HUMAN ANATOMY. A 
an from the loi't English edition, lltui^triited 
with 39T engravinga on wood. In one handsome 8«0. vol. of over 
600 pnges. Cloth, $4 ; leather, tb. 

ON DISEASES OF THE SKIN. The sevnnth American from 

the Iiat English edilion. In one large tjvo. vol. of over BOO pagei. 
Cloth, $5. 

Also, A SERIES OF PLATES, illustrating "Wilson on Dinegsesofthe 
Skin," consisting of 20 plates, thirteen of which are benatirully 
colored, representing about one hundred tarieties ofDiaenso. $5 SU, 
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